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So  short  a  time  has   passed   since  the  appearance  of 

ic  first  edition  that  it  has  not  seemed  desirable  to  make 

ly   important   changes.      My   previous   decision   not   to 

itroduce   figures  of   instruments   has   been   so  generally 

lisapproved,  that  I  have  waived  my  own  judgment  and 

►scrted  a  number  of  illustrations,  which  I  trust  will  be 

»und  to   assist  the  reader      The  areas  of  the   cerebral 

evolutions,  in   spite  of  the   difficulties  surrounding  the 

IC  interpretation  of  the  phenomena  resulting  from  their 

imulation,  arc  of  such  interest,  especially  to  the  medical 

►fession,  that  I  have  introduced   illustrative  figures  for 

rhich  I  have  to  thank  tlie  kindness  of  Dr.  Ferrier. 

Otherwise  my  efforts  have  been  chiefly  directed  to 
loving  inaccuracies  and  obscurities,  in  the  hope  of 
•udering  the  work  more  worthy  of  the  favour  with  which 
has  been  received.  It  will  be  observed  that  the  largest 
ingcs  and  additions  occur  in  the  small  print 
I  have  to  thank  Dr.  Pye-Smlth  and  other  friends  as 
as  previously  unknown  correspondents  for  their 
iuable  suggestions  ;  and  I  am,  as  before,  greatly 
[cbtcd  for  the  help  given  me  by  my  former  pupils^ 
r.  Dew-Smith,  Mr.  Langley,  and  Mr.  Lea. 

llMNtrY  College,  Caub&idge, 
Oectwt^^  1877. 
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utuit  xlian^rs  in  the  present  edition 
I  I  ho  xr\  tion  on  Muscle  and  Nerve  ; 
\\\H  ^vHtion  altv^jjother.  hoping  thereby 
\\\\  t\»hirot  more  easy  for  the  reader. 

tl\\Mip.h  nvuurrous,  are  for  the  most 
v   l.uj'.rlv  conlnu'd  to  the  small  print 

\  luv  lu'».t  thanks  to  my  friends  who 
ihiM  ai  in  the  two  t'onncr  editions. 
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INTRODUCTORY. 


re  the  simpler  organisms  known  to  Biologists,  perhaps  the 
simple  as  well  as  the  most  common  is  that  which  has  received 
i»1iame  of  Amoeba,  There  are  many  varieties  of  Amoeba,  and 
ibly  many  of  the  forms  which  have  been  described  are,  in 
%  merely  amoebiform  phases  in  the  lives  of  certain  animaJs 
plants;  but  they  all  possess  the  same  general  characters. 
Closely  resembling  the  white  corpuscles  of  vertebrate  blood,  they 
4ir€  wholly  or  almost  wholly  composed  of  undifferentiated  pro* 
COpbsm,  in  the  midst  of  which  lies  a  nucleus,  though  this  is 
sociietimes  absent.  In  many  a  distinction  may  be  observed 
between  a  more  solid  external  layer  or  eciosarc,  and  a  more  fluid 
granular  interior  or  mdosarc ;  but  in  others  even  this  primary 
dUferentiation  is  wanting.  By  means  of  a  continually  occurring 
flux  of  its  protoplasmic  substance,  the  amoeba  is  enabled  from 
moment  to  moment  not  only  lo  change  its  form  but  also  to  shift 
its  position.  By  flowing  round  the  substances  which  it  meets,  it> 
in  a  way,  swallows  them  ;  and  having  digested  and  absorbed  such 
parts  as  are  suitable  for  food,  ejects  or  rather  flows  away  from  the 
'  -emnants  ».  It  thus  lives,  moves,  eats,  grows,  and  after  a 
,  having  been  during  its  whole  life  hardly  anything  more 
TSiur.  i  nimute  lump  of  protoplasm.  Hence  to  the  Physiologist  it 
is  of  the  greatest  interest,  since  in  its  life  the  problems  of 
pJt\\iology  are  reduced  to  their  simplest  forms. 

Now  the  study  of  an  amoeba,  with  the  help  of  knowledge 
paiiit:'^!  by  the  examination  of  more  complex  bodies,  enables  us 
to  hUie  that  the  undifferentiated  protoplasm  of  which  its  body  is 
•o  largely  composed  possesses  certain  fundamental  vital  properties. 


It  is  contractile.     There  can  be  little  doubt  that  the 
in  the  protoplasm  of  an  amo&ba  which  bring  about  its 

*  Ujoley  and  Martio*  Eltmentary  Bitttigy^  Lesson  UL 


Ill  y    :■:    rr: 
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•r— *i:z.     ''otc  LTT  zssrbiace, 
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:■:  :  l1  : '  ::.;  i..fT:z-": -z^  roiy  pro- 
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4,     It  is  metabolic*  and  secretory.    Pari  passu  with  the 

fccq^tioD  of  new  material,  there  is  going  on  an  ejection  of  old 

•^"^•■^rial,  for  the  increase  of  the  amoeba  by  the  addition  of  food  is 

ndefinite.     In   other  words,  the   protoplasm   is   continually 

uimergoing  chemical  change  (metat)olisni),  room  being  made  for 

the  new  protoplasm  by  the  breaking  up  of  the  old  protoplasm  into 

pfodncts  which  are  cast  out  of  the  body  and  got  rid  of.     These 

products  of  metabolic  action  have,  in  many  cases  at  all  events, 

•obsidiary  uses.     Some  of  them,  for  instance,  we  have  reason  to 

iIuqIc,  mc  of  value  for  the  purpose  of  dissolving  and  effecting  other 

preliminary  changes  in  the  raw  food  introduced  into  the  body  of 

\hft  nxnceba  ;  and  hence  are  retained  within  the  body  for  some  little 

Such    products   are    generally  spoken  of  as  *  secretions.' 

>  which  pass  more  rapidly  away  are  generally  called  *  excre- 

The  distinction  between  the  two  is  an  unimportant  and 

,   s.nl!y  accidental  one. 

The  coergy  expended  in   the  movements   of  the  amceba  is 

4ut lulled  liv  the  chemical  changes  going  on  in  the  protoplasm,  by 

lip  of  bodies  possessing  much  latent  energy  into 

'"/  less.     Thus  the  metabolic  changes  which  the 

licd   from  the   undigested   stuff   mechanically 

.1  »>niic  m  the  body)  undergoes  in  passing  through  the 

(I  of  the  amceba  are  of  three  classes:  those  preparatory 

1  •  uiminating  in  tlie  conversion  of  the  food  into  protojjlasm, 

concerned  in  the  discharge  of  energy,  and  those  tending  to 

_  the  immediate  products  of  the  second  class  of  changes 

ng  them  more  or  less  useful  in  carrjing  out  the  first. 


i    is  respiratory.    Taken  as  a  whole,  the  tnetabolic 
;ci  arc  pre-eminently  processes  of  oxidation,     One  article  of 
f>,  one  substance  taken  into  tlie  body,  viz.  oxygen,  stands 
from  all  the  rest,  and  one  product  of  metabolism  peculiarly 
^tt  t|  with  oxidation,  viz.  carbonic  acid,  stands  also  somewhat 
I  all  the  rest     Hence  the  assumption  of  oxygen  and  the 
»,^....  oi  carbonic  acid,  together  with  such  of  the  metabolic 
!iBes  jtt  are  more  especially  oxidative,  are  frequently  spoken 
Cflgether  as  constituting  the  respiratory  processes. 


6.     It  IS  reproductive.     The  indi\ndual  amoeba  represents  a 
This  unit,  after  a  longer  or  shorter  life,  having  increased  in 
ee  hf  ihc  at4d>tion  of  new  protoplasm  in  excess  of  that  which  it 
eOftfinujtUy  using  up,   may,  by  fission   (or   by   other  mc.ms) 
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resolve  itself  into  two,  (or  more)  parts»  each  of  which  is  capable 
of  living  as  a  fresh  unit  or  individuaL 

Such  are  the  fundamental  vital  qualities  of  the  protoplasm  of 
an  amoeba ;  all  the  facts  of  Jhe  life  of  an  amo&ba  are  mani- 
festations of  these  protoplasmic  qualities  in  varied  sequence  and 
stiboffxlination. 

The  higher  animals,  we  leam  from  morphological  studies*  may 
be  regarded  as  groups  of  amcebs  peculiarly  associated  together. 
All  the  physiological  phenomena  of  the  higher  animals  are 
similarly  the  results  of  these  fundamental  qualities  of  protoplasm 
peculiarly  associated  together.  The  dominant  principle  of  this 
association  is  the  physiological  division  of  labour  corresponding  to 
the  morphological  differentiation  of  structure.  Were  a  larger  or 
'higher'  animal  to  consist  simply  of  a  colony  of  undiffer- 
entiated amosbse,  one  animal  differing  from  another  merely  in  the 
number  of  units  making  up  the  mass  of  its  body,  without  any 
differences  between  the  individual  units,  progress  of  function 
would  be  an  impossibility.  The  accumulation  of  units  would 
be  a  hindrance  to  welfare  rather  than  a  help.  Hence, 
in  the  evolution  of  living  beings  through  past  times,  it  has 
come  about  that  in  the  higher  animals  (and  plants)  certain  groups 
of  the  constituent  amcBbiform  units  or  cells  have,  in  company 
with  a  change  in  structure,  been  set  apart  for  the  raanifestation  of 
certain  only  of  the  fundamental  properties  of  protoplasm,  to  the 
exclusion  or  at  least  to  the  complete  subordination  of  the  other 
properties. 

These  groups  of  cells,  thus  distinguished  from  each  other  at 
once  by  the  differentiation  of  structure  and  by  the  more  or  less 
marked  exclusiveness  of  function,  receive  the  name  of  *  tissues.* 
Thus  the  units  of  one  class  are  characterized  by  the  exaltation  of 
the  contractility  of  their  protoplasm,  their  automatism,  metabolism 
and  reproduction  being  kept  in  marked  abeyance.  These  units 
constitute  the  so-called  muscular  tissue.  Of  another  tissue,  viz. 
the  nervous,  the  marked  features  arc  irritability  and  automatism, 
with  an  almost  complete  absence  of  contractility  and  a  great 
restriction  of  the  other  qualities.  In  a  third  group  of  units,  ilie 
activity  of  the  protoplasm  is  largely  confined  to  the  chemical 
changes  of  secretion,  contractility  and  automatism  (as  manifested 
by  movement)  being  either  absent  or  existing  to  a  very  slight 
degree.  Such  a  secreting  tissue,  consisting  of  epithelium-cells, 
forms  the  basis  of  the  mucous  membrane  of  the  alimentary  canal 
In  the  kidney,  the  substances  secreted  by  the  cells,  being  of  no 
further  use,  are  at  once  ejected  from  the  body.     Hence  the  renal 
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may  be  spoken  of  as  excretory.     In  the  epithelium-cells  of 
igs,  the  protoplasm  plays  an  altogether  subordinate  part  in 
assumption  of  oxygen   and   the  excretion  of  carbonic  acid, 
till   we    may  perhaps  be  permitted  to  speak  of   the  pulmonary 
"epithelium  as  a  respiratory  tissue. 

In  aridiiion  to  these  distinctly  secretory  or  excretory  tissues, 

t^xist  groups  of  cells  specially  reserved  for  the  carrying  on  of 

'?:i!  changes,  the  products  of  which  are  neither  cast  out  of 

nor  collected   in  cavities  for  digestive  or  other  uses. 

of  these  cells  seems  to  be  of  an  intermediate  character  ; 

tbcy  arc  engaged  either  in  elaborating  the  material  of  food  that  it 

ly  be  the  more  easily  assimilated,  or  in  preparing  used-up  material 

final  excretion.     They  receive  their  materials  from  the  blood 

^Itturn  their  products  back  to  the  blood.     They  may  be  called 

kctabolic   tissues  par  exalUnce.      Such  are  the  fat- cells  of 

tissue,  the  hepatic  cells  (as  far  as  the  work  of  the  liver 

than  I  he  secretion  of  bile  is  concerned),  and  probably  many 

cellular  elements  in  various  regions  of  the  body. 

Each  of  the  various  units  retains  to  a  greater  or  less  degree  the 

''  reproducing  itself,  and  the  tissues  generally  are  capable 

ration  in  kind.     But  neither  units  nor  tissues  can  re- 

f  her  parts  of  the  organism  than  themselves,  much  less 

T  «>rganisra»     For  the  reproduction  of  the  complex  indi- 

fuin  units  are  set  apart  in  the  form  of  ovary  and  testis, 

ill  the  prof)erties  of  protoplasm  are  distinctly  subordinated 

u>  tlie  work  of  growth. 

Jointly,  there  are  certain  groups  of  units,  certain  tissues,  which 

to  the  body  of  which  they  form  a  part,  not  by  reason  of 

afesting  any  of  the  fundamental  qualities  of  protoplasm, 

bui    on  account  of   the  physical  and  mechanical    properties   of 

r^  •]  \'\  \ul>siances  which  their  protoplasm  has  been  able  by  virtue 

MboUsm  to  manufacture  and  to  deposit.     Such  tissues 

L^ariilage,  connective  tissue  in  large  part,  and  tlie  greater 

:   llic  ykin. 

.,    ii/ay   tlkerefore  consider  the  complex  body  of  a  higher 

ij  as  a  compound  of  so  many  tissues,  each  tissue  correspond- 

Jp  cioc  of  the  fundamental  qualities  of  protoplasm,  to  the 

lent  of  which  it  is  specially  devoted  by  the  division  of 

It  must  however  be  remembered  that  there  is  a  distinct 

to  ihe   division  of  labour.     In  each  and  every  tissue,  in 

Icadmg  quality,  there  are  more  or  less  pronounced 

J I  the  other  protoplasmic  qualities.     Thus,  though 

\f  t-iil  oue  tissue /Jfxr  excclknu  metabolic,  all  the  tissues  are 

\t%  ur  IcsiS  extent  metabolic.     The  energy  of  each,  what 
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ever  be  its  particular  mode,  has  its  source  in  the  bieaking-up  of 
the  protoplasm.  Chemical  changes,  including  the  assumption  of 
oxygen  and  the  production  complete  or  partial  of  carbonic  acid, 
and  therefore  also  entailing  a  certain  amount  of  secretion  and 
excretion,  must  take  place  in  each  and  ever)'  tissue.  And  so  with 
all  the  other  fundamental  properties  of  protoplasm  ;  even  con- 
tractility, which  for  obvious  mechanical  reasons  is  soonest  reduced 
where  not  wanted,  is  present  in  many  other  tissues  besides  muscle. 
And  it  need  hardly  be  said  that  each  tissue  retains  the  power 
of  assimilation.  However  thoroughly  the  material  of  food  be 
prepared  by  digestion  and  subsequent  metabolic  action,  the  last 
stages  of  its  conversion  into  living  protoplasm  are  etfected  directly 
and  alone  by  the  tissue  of  whicli  it  is  about  to  form  a  part. 

Bearing  this  qualification  in  mind,  we  may  draw  up  a  physio- 
logical classification  of  the  body  into  the  following  fundamental 
tissues  : — 

1.  The  eminently  contractile;  the  muscles. 

2.  „  ,,       irritable  and  automatic;  the  nervous  sys< 

3.  „  „       secretory,  or   excretory;    digestive,  urinary, 

and  pulmonary,  &c.,  epithelium. 

4.  ,,  „       metabolic;  fat-cells,  hepatic  cells,  lymphatic; 

and  ductless  glands,  ^c. 

5.  „  „       reproductive ;  ovary,  testis. 

6.  The  indifferent  or  mechanical ;  cartilage,  bone,  &c 

AH  these  separate  tissues,  with  their  individual  characters,  SP 
however   but  parts  of  one  body;  and   in  order   that   they    xnaj 
be  true  members  working  harmoniously  for  the  good  of  the  whole, 
and  not  isolated  masses  each  serving  its  own  ends  only,  they  need 
to  be  bound  together  by  coordinating  bonds.     Some  means  oi 
communication  must  necessarily  exist   between   them.      In   the 
mobile  homogeneous  body  of  the  amoeba,  no  special  means  nl 
communication  are  required.     Simple   diffusion   is   sufficient 
make  the  material  gained  by  one  part  common  to  the  whole 
and  the  native  protoplasm  is  physiologically  continuous,  so  thi 
explosion  set  up  at  any  one  point  may  be  imniediatdy  propagated] 
throughout  the  whole  irritable  substance.     In  the  higher  anmia1s,{ 
the  several  tissues  are  separated  by  distances  far  too  gre.it  for  thi 
slow  process  of  diffusion  to  serve  as  a  sufficient  means  of  com- 
munication, and  thtir  primary  physiological  continuity  is  broken! 
by   their   being   imbedded  in    masses   of    formed    material,    thcj 
product  of  the  indifferent  tissues,  which  being  d»jvoi<l  of  irritability/ 
present   an   effectual    barrier    to   the    propagatiuii    of    inuleculafj 
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It  thus  becomes   necessary   that  in   the  increasing 
fexily  of  animal  forms,  the  process  of  diflfcrentiatiDn  should 
actom(janicd  by  a  currcspondrng  integration,  that  the  isolated 
isucs  should  be  made  a  whole  by  bonds  uniting  them  together. 
These  bonds  moreover  must  be  of  two  kinds. 

In  the  first  place  there  must  be  a  ready  and  rapid  distribution 

id  interchange  of  material.     The  contractile  tissues  must  be 

'      U'   supplied  with    material   best    adapted  by    previous 

n  for  direct  assimilation,  and  the  waste  prorlucts  arisln;; 

■111  iliLir  activity  must  be  at  once  carried  away  to  the  metabolic 

t*xcrctory  tissues.     And  so  with  all  the  other  tissues.     There 

ist  be  a  free  and  speedy  intercourse  of  material  between  each 

all.     This  is  at  once  and  most  easily  effected  by  the  regular 

ion  of  a  common  fluid,  the    blood,  into   which   all   the 

Ltcd  food  IS  discharged,  from  which  each  tissue  seeks  what 

s,  and  to  which  each  returns  that  for  which  it  has  no  longer 

use.     Such  a  circulation  of  fluid,  being  in  large  measure  a 

lianical  matter,  nee<Is  a  machinery,  and  calls  forth  an  expendi- 

of  energy.     Tlie  machinery  is  supplied  by  a  special  construe- 

of  the  primary  tissues,  and  the  energy  is  arranged  for  by  the 

ice  among  these  of  contractile  and  irritable  matter.     Thus 

e  funtlamenlal  tissues  there  is  added,  in  the  higher  animals,  a 

liar  hond  in  the  shape  of  a  mechanism  of  circulation. 

n  the  secoml  place  no  less  important  than  the  interchange 

maicrial   is  the  interchange  of  energy.     In  the  amoeba  the 

iuble  surface    is    physiologically   continuous    with    the   more 

otoplasm,  while  each  and  every  part  of  the  body  has 

powers.     In  the  higher  animal,   portions  only  of  the 

in  as  eminently  irritable  or  sensitive  structures,  while 

actions  arc  chiefly  confined  to  a  central  mass  of  irritable 

r;oiV:.  matter.     Hoth  forms  of  irritable  matter  are  sepanted,  by 

foni:  rmrtv  nf  indilTcrcnt  material,  from  those  contractile  tissues 

I  hey  chicHy  manifest  the  changes  going  on  in  them- 

j    the   necessity   for    long    stranils   of    enunenily 

:  II  connect  the  skin  and  contractile  tissues  as  well 

js  with  the  automatic  centres.     Similar  straeids  are 

1  perhaps  less  urgently,  to  connect  the  othrr 

.   ....  _  Ami  with  each  other.     To  the  vascular  bond 

be  added  an  irritable  bond,  along  the  strands  of  which 

*ct  up  by  changes  in  one  or  another  part,  may  travel  m 

ic  courees  for  the  regulation  of  the  energy  of  distant 

'"    ,»i.(.r  words  part   of    the   irritable  tissues   most  be 

:ed  to  form  a  coordinating  nervous  system. 

II  luntn-r  comjilirations  have  yet  to  be  considered.     In  the 
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life  of  a  minute  homogeneous  amoeba,  possessing  no  special  form 
or  structure,  there  is  little  scope  for  purely  mechanical  operations. 
As  however  we  trace  out  the  gradual  development  of  the  more 
complex  animal  forms,  we  see  coming  forward  into  greater  and 
greater  prominence  the  arrangement  of  the  tissues  id  definite 
ways  to  secure  mechanical  ends.  Thus  die  entire  body  acquires 
particular  shapes,  and  parts  of  the  body  are  built  up  into 
mechanisms,  the  actions  of  which  are  to  the  advantage  of  the 
individual.  Into  the  composition  of  these  mechanisms  or 
'organs'  the  active  fundamental  tissues,  as  well  as  the  passive 
or  indifferent  tissues,  enter ;  and  the  working  of  each  mechanism^ 
the  function  of  each  organ,  is  dependent  partly  on  the  mechanical 
conditions  offered  by  the  passive  elements,  partly  on  the  activity 
of  the  active  elements.  The  vascular  mechanism,  of  which  wc  hav^ 
just  spoken,  is  such  a  mechanism.  Similarly  the  urgent  necessity 
for  the  access  of  oxygen  to  all  parts  of  the  body  has  given  rise 
to  a  complicated  respiratory  mechanism ;  and  the  neeils  of  copious 
alimentation,  to  an  alimentary  or  digestive  mechanism. 

Further,  inasmuch  as  muscular  movement  is  one  of  the  chief 
ends,  or  the  most  important  means  to  the  chief  ends,  of  animal 
life,  wc  find  the  animal  body  abounding  in  motor  mechanisms,  in 
which  the  prime  mover  is  muscular  contraction,  while  the  ma- 
chiner>'  is  supplied  by  complicated  arrangements  of  muscles  with 
such  indifferent  tissues  as  bone,  cartilage,  and  tendon.  In  fact, 
tlie  greater  part  of  the  animal  boily  is  a  collection  of  muscular 
machines,  some  serving  for  locomotion,  others  for  special  man- 
CEUvres  of  particular  members  and  parts,  others  as  an  assistance  to 
the  senses,  and  yet  others  for  the  production  of  voice,  and  in  man, 
of  speech. 

Lastly,  the  simple  automatism  of  the  amcEba,  with  its  simple 
responses  to  external  stimuli,  is  replaced  in  the  higher  animals  by 
an  exceedingly  complex  volition  affected  in  multitudinous  ways  by 
inllnences  from  the  world  without;  and  there  is  a  correspondingly 
complex  central  ner\^ous  system.  And  here  we  meet  with  a  new 
form  of  differentiation  unknown  elsewhere  While  the  contrac* 
tility  of  the  amoebal  protoplasm  differs  but  slightly  from  the  con- 
tractility of  the  vertebrate  striated  muscle,  there  is  an  enormous 
difference  between  the  simple  irritability  of  the  amoeba  and  the 
complex  action  of  the  vertebrate  nervous  system.  Excepting  the 
nen'ous  or  irritable  tissues,  the  fundamental  tissues  have  in  aQ 
animals  the  same  properties,  being,  it  is  true,  more  acute  and 
perfect  in  one  than  in  another,  but  remaining  fundamentally  chc 
same.  The  elementary  muscular  hbre  of  a  mammal  is  a  mass  of 
but  slightly  differentiated  protoplasm,   fonning  a  whole  physio- 
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icuilly  continuous,  and  in  no  way  constituting  a  mechanism. 

ich  fibre  is  a  counterpart  of  all  others  ;  and  the  muscle  of  one 

linial  differs  from  that  of  another  in  such  particulars  only  as  are 

lolly  subordinate.     In  the  nervous  tissues  of  the  hiylier  animals, 

on  the  contrar)',  we  fin<l  properties  unknoA'n  to  those  of  the  lower 

and  in  proportion  as  we  ascend  the  scale,  we  observe  an 

i^ing  diffcrL-niiiiion  of  the  ner%-ous  system  into  unlike  parts. 

1  iiui  we  have,  what  does  not  exist  in  any  other  tissue,  a  mechanism 

of  nervous  tissue  itself,  a  central  nervous  mechanism  of  complex 

iciure  and  complex  function,  the  complexity  of  which  is  due 

»t  primarily  to  any  mechanical  arrangements  of  its  parts,  but  to 

the  further  differentiation  of  that  fundamental  quality  of  irritability 

juul  automatism  which  belongs  to  all  irritable  tissues,  and  to  all 

ive  protopLism. 

In  the  following  pages  I  propose  to  consider  the  facts  of  physi- 
very  much  according  to  the  views  which  have  been  just 
fetched  out.     The  fundamental  j)roperties  of  most  of  the  ele- 
mentary tissues  will  first  be  reviewed,  and  then  the  various  special 
lechanisms.     It  will  be  found  convenient  to  introduce  early  the 
mut  of  the  vascular  mechanism,  and  of  its  nervous  coordinating 
lechanlsm,  while  the  mechanisms  of  respiration  and  alimentation 
II  be  best  considered  in  connection  with  the  respiratory  and 
crctory  iiJisues.    The  description  of  the  purely  motor  mechanisms 
fill  be  brief;  and,  save  in  a  few  instances,  confined  to  a  statement 
general  principles.    The  special  functions  of  the  central  nervous 
tt-m,  incluiling  the  senses,  must  of  necessity  be  considered  by 
[h  s.     The  tissues  and  mechanism  of  reproduction  and  the 

ui  of  the  decay  and  death  of  the  organism  will  naturally 
ihc  subject  of  the  closing  chapters. 
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>,  when  flowing  in  a  normal  condition  through  the  blood- 
thf  consists  of  an  almost  colourless   fluid,  the   plasma,  in 
[^hich  arc  suspended  a  number  of  more  solid  bodies,  the  red  and 
lite  corpuscles.     Were  we  anxious  to  give  a  formal  completeness 
the  classification  of  the  various  parts  of  the  body  into  tissues, 
re  might  speak  of  the  blood  as  a  tissue  of  which  the  corpuscles 
ire  the  essential  cellular  elements,  while  the  plasma  is  a  liquid 
ix.     We  might  compareit  to  a  cartilage^  the  firm  matrix  of 
;ich   had   become  completely   liquefied   so  that   the   cartilage 
)uscles  were  perfectly  free  to  move  about 
In   r\!garding   blood  as  tissue,   however,   we  come  upon  the 
that  it,  unlike  all  the  other  tissues,  possesses   no   one 
J  istjc  property.     The  protoplasm  of  the  white  corpuscles 
Qaiive  unditferentiated  protoplasm,  in  no  res{>ect  titted  for  any 
tpecial  duty;  and  tl\ough,  as  we  shall  see,  the  red  corpuscles 
have  a  definite  respiratory  function,  inasmuch  as  they  are  carriers 
of  oxygen  from  the  lungs  to  the  several  tissues,  still   this  respi- 
ratory work  is  only  one  of  the  very  many  labours  of  the  blood. 
[C  will  be  therefore  far  more  profitable,  indeed  necessary,  to  treat 
the  blood,  not  as  a  tissue  by  itself,  but  as  the  great  means  of 
r  ■'-»-»' "nralion  of  material  between  the  tissues  properly  so  called, 
isefulness  lies  not  so  much  in  any  one  property  of  either 
_p»njuscles  or  its  plasma,  as  in  its  nature  fitting  it  to  ser>"eas 
reat  medium  of  exchange  between  all  parts  of  the  body. 
receptive  ti.ssucs  pour  into  it  the  material  which  they  have 
ived  from  without,  the  excreting  tissues  withdraw  from  it  the 
which  arc  no  longer  of  any  use,  and  the  irritable,  the  con- 
and  indeed   all   the   tissues,   &cek   in  it  the  substances 
oxygen)    which   they  need  for   the    manifestation    of 
or  for  the  storing  up  of  diflerentiated  material,  and  return 
ic  waste  products  resulting  from  their  activity.    AD  over  the 
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body  everywhere  there  is  so  long  as  life  lasts  a  double  cuheivt; 
here  rapid,  there  slow,  of  material  from  the  bload  lo  the  tissaes^ 
and  from  the  tissues  to  the  blood. 

It,  together  with  lymph  (whether  in  the  lymph-canals  or  in  the 
interstices  of  the  tissues),  may,  as  Bernard  has  suggested,  be 
regarded  as  an  internal  medium  bearing  the  same  relations  lo  the 
constituent  tissues  that  the  external  medium,  tlie  world,  does  lo 
the  whole  individual  Just  as  the  whole  organism  lives  on  the 
things  around  It,  its  air  and  its  food,  so  the  several  tissues  live  on 
the  complex  fluid  by  which  they  are  all  bathed  and  which  is  to 
them  their  immediate  air  and  food. 

From  this  it  follows,  on  the  one  hand,  that  the  composition 
and  characters  of  the  blood  must  be  for  ever  varying  in  dii 
parts  of  the  body  and  at  different  times  ;  and  on  the  other  :„:„. 
that  the  united  action  of  all  the  tissues  must  tend  to  establish  and 
in9mtain  an  average  uniform  composition  of  the  whole  mass  of 
blood.  The  special  changes  which  blood  is  known  to  undergo 
while  it  passes  through  the  several  tissues  will  best  be  dealt  with 
when  the  individual  tissues  and  organs  come  under  our  considera- 
tion. At  present  it  will  be  sufficient  to  study  the  main  features, 
which  are  presented  by  blood,  brougiit  so  to  speak  into  a  state  of 
equilibrium  by  the  common  action  of  all  the  tissues. 

Of  all  these  main  features  of  blood,  the  most  striking,  if  not 
the  most  important,  is  the  properly  it  possesses  of  clotting  or 
coagulating  when  shed. 


Sec  I.    The  Coagulatcon  op  BtooD 


Blood,  when  shed  from  the  blood-vessels  of  a  living  body,  b 
perfectly  fluid.  In  a  short  time  it  becomes  viscid  ;  it  flows  less 
readily  from  vessel  to  vessel.  The  viscidity  increases  rapidly  unlU 
the  whole  mass  of  blood  under  otiservation  becomes  a  complete 
jelly.  The  vessel  into  which  it  has  been  shed,  can  at  this  stage 
be  inverted  without  a  drop  of  the  blood  being  spilt.  The  jelly  is 
of  the  same  bulk  as  the  previously  fluid  blood,  and  if  forcibly 
removed^  presents  a  complete  mould  of  the  interior  of  the  vessel. 
If  the  blood  in  this  jelly  stage  be  left  untouched  in  a  glass  vessel, 
a  few  drops  of  an  almost  colourless  fluid  soon  make  their  appear- 
ance on  the  surface  of  the  jelly.  Increasing  in  number,  and 
running  together,  the  drops  after  a  while  form  a  superficial  1 
of  pale  straw-coloured  fluid.  Later  on,  similar  layers  of  the  « 
fluid  are  seen  at  the  sides  and  finally  at  the  bottona  of  the 
which,  shrunk  to  a  smaller  size  and  of  firmer  consistency, 
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forms  a  clot  or  crauamentumy  floating  in  a  perfectly  fluid  serufm. 
The  shrinking  and  condensation  of  the  clot,  and  the  correspond- 
ing increase  of  the  serum,  continue  for  some  time.  The  upper 
surface  of  ilie  clot  is  generally  cujipcd.  A  portion  of  the  clot 
cjcamincil  under  the  microsco|>e  is  seen  to  consist  of  a  feltwork  of 
fine  gUnular  fibrils,  in  the  meshes  of  which  are  entangled  the  red 
and  white  corpuscles  of  the  blood  In  the  serum  nothing  can  be 
5CCI  but  a  few  stray  corpuscles.  The  fibrils  are  composed  of  a 
subsi;ini-c  called  fibrin.  Hence  we  may  speak  of  the  clot  as 
cousiiiing  of  fibrin  and  corpuscles ;  and  the  act  of  clotting  or 
coagulation  is  obviously  a  conversion  of  the  naturally  fluid  por- 
tion of  the  blood  or  plasma  into  fibrin  and  serum,  followed  by 
separation  of  the  serum  from  the  fibrin  and  corpuscles. 

In  man,  blood  when  shed  becomes  viscid  in  about  two  or  three 

itcs,  and  enters  the  jelly  stage  in  about  five  or  ten  minutes, 

r  the  lapse  of  another  few  minutes  the  first  drops  of  serum  are 

.  and  coagubtion  is  generally  complete  in  from  one  to  several 

IS.     The  times  however  will  be  found  to  var>'  according  to  the 

idition  of  the  individual,  the  temperature  of  the  air,  and  the 

and  form  of  the  vessel  into  which  the  blood  is  shed.     Among 

the  rapidity  of  coagulation  varies  exceedingly  in  diflferent 

?s      The  blood  of  the  horse  coagulates  with  remarkable  slow- 

;  so  slowly  intleed  that  many  of  the  red  corpuscles  (these  being 

►cifically  heavier  than  the  plasma)  have  lime  to  sink  before 

rtscidity  sets  in.     In  consequence  there  appears  on  the  surface  of 

\t  blood  an  upper  layer  of  colourless  plasma,  containing  in  its 

Lccper  portions  nKuiy  colourless  corpuscles  (which  are  lighter  than 

le  fed).     This  layer  clots  like  the  other  parts  of  the  blood,  forming 

the  so  called   *  buffy    coat.'     A   similar    buffy  coat  is  sometimes 

it  <;n  in  the  blood  of  man,  in   inflammatory  conditions  of  the 

body. 

This  buffy  coal  makes  its  appearance  in  horse's  blood  even  at 
ihr  nrrlinary  temperature  of  the  air.  If  a  portion  of  horde's  blood 
I  ridcd  by  a  cooling  mixture  of  ice  and  salt,  and  thus  kept 

:  C,  coagulation  may  be  almost  indefinitely  postponed, 
lindcT  ihese  circumstances  a  more  complete  descent  of  the  cor- 
puscles Uikes  place,  and  a  considerable  quantity  of  colourless 
iniijs parent  plasma  free  from  blood-corpuscles  may  be  obtained* 
A  puriion  of  this  plasma  removed  from  the  freezing  mixture  clots 
cmctly  as  does  the  entire  blood.  It  first  becomes  viscid  and  then 
forms  a  jclly<  which  subsequently  separates  into  a  colourless 
•hfunkcD  clot  ajid  scrum.  This  shews  that  the  corpuscles  are  not 
BD  essential  part  of  the  clot 

If  a  few  cubic  centimetres  of  the  same  plasma  be  diluted  with 
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50  tiroes  its  bulk  of  a  75  p.c,  solution  of  sodium  chloride'  coagu- 

tation  is  much  retarded,  and  the  various  stages  raay  be  more  easily 
watched.  As  the  fluid  is  becoming  viscid,  fine  fibrils  of  fibrin  will 
be  seen  to  be  developed  in  it,  especially  at  the  sides  of  the  con- 
taining  vessel.  As  these  fibrils  mukiply  in  number,  the  lluid 
becomes  more  and  more  of  the  consistence  of  a  jelly,  and  at  the 
same  time  somewhat  opaque.  Stirred  or  pulled  about  with  a 
needle,  the  fibrils  shrink  up  into  a  small  opaque  stringy  mass ;  and 
a  very  considerable  bulk  of  the  jelly  may  by  agitation  be  resrlvcd 
into  a  minute  fragment  of  shrunken  fibrin  floating  in  a  quantity  of 
what  is  really  diluted  serum.  If  a  specimen  of  such  diluted  plasma 
be  stirred  from  time  to  time,  as  soon  as  coagulation  begins,  with  a 
needle  or  glass  rod,  the  fibrin  may  be  removed  piecemeal  as  it 
forms,  and  the  jelly-stage  may  be  altogether  done  away  with. 
When  fresh  blood  which  has  not  yet  had  time  to  coagulate 
stirred  or  whipped  with  a  bundle  of  rods  (or  anything  present 
a  large  amount  of  rough  surface),  no  jelly-iike  coagulation  takes' 
place,  but  the  rods  become  covered  with  a  mass  of  shrunken 
fibrin.  Blood  thus  whipped  until  fibrin  ceases  to  be  deposited,  is 
found  to  have  entirely  lost  its  power  of  coagulation. 

Putting  all  these  facts  together,  it  is  very  clear  that  the  phen< 
mena  of  the  coagulation  of  blood  are  caused  by  the  appearance 
the  plasma  of  fine  fibrils  of  fibrin.     As  long  as  these  are  scanty*, 
the  blood  is  simply  viscid.     When  they  become  sufficiently  nume^ 
rous,  they  give  the  blood  the  firmness  of  a  jelly.     Soon  after  th^ 
formation  they  begin  to  shrink ;  and  in  their  shrinking  enclose 
their  meshes  the  corpuscles,  but  squeeze  out  the  fluid  parts  of  the 
blood.     Hence  the  appearance  of  the  shrunken  coloured  dot  and 
the  colourless  serum. 

Fibrin,  whetlier  obtained  by  whipping  freshly-shed  blood,  or  by 
washing  either  a  normal  clot,  or  a  clot  obtained  from  colourless 
pUsma,  exhibits  the  same  general  characters.  It  belongs  to  that 
tbss  of  complex  unstable  nitrogenous  bodies  called /r£7/f///s  which 
form  a  large  portiofi  of  all  living  bodies  and  an  essential  part 
.ill  protoplasm*.  It  gives  the  ordinary  proteid  reactions.  It 
insoluble  in  water  and  in  dilute  saline  solutions;  and  though 
swells  up  in  ddule  hydrochloric  acid,  it  is  not  thereby  appreciabl 
dissolved  h 

Minor  diflerences  have  been  stated  to  exist  in  the  characters 
fibrin  obtained,  in  various  ways  and  from  various  sources,  ^x.  gr. 


»  A  solation  of  sodium  chloride  of  this  strength  will  hcrcal\er  be  spokea* 
U  *  normal  valine  solution/ 
*  See  Ap^iendix.  *  For  further  details  see  \ppenduu 
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whipping,  or  by  washing  a  blood-colt,  from  venous  or  from  ^irtcria] 
blood.  But  thc^c  differences  are  unimportant.  The  characters  are 
iAid  to  vary  abo  in  different  animals. 

Coagulation  then  is  brought  about  by  the  introduction  into  the 
blood^plasma  of  a  substance,  fibrin,  which  previously  did  not  exist 
there  as  such.  Such  a  substance  must  have  antecedents,  or  an 
antecedent — what  are  they,  or  what  is  it  ? 

If  blood  be  received  direct  from  the  blood-vessels  into  one- 
third  its  bulk  of  a  saturated  solution  of  some  neutral  salt,  such  as 
magnesium  sulphate*  and  the  two  gently  but  thoroughly  mixed, 
coagulation,  especially  at  a  moderately  low  temperature,  will  be 
deferred  for  a  very  long  time.     If  the  mixture  be  allowed  to  stand, 
the  corpuscles  will  sink,  and  a  colourless  plasma  will  be  obtained 
1  ir  to  the  plasma  gained  from  horse's  blood  by  cold,  except 
•t;  -.:  It  conuios  an  excess  of  the  neutral  salt.     The  presence  of 
^■Sic  neutral  s^t  has  acted  in  the  same  direction  as  cold  :  it  has 
^^fcvented  the  occurrence  of  coagulation.     It  has  not  destroyed 
the  fibrin  ;   for  if  some  of  the  plasma  be  diluted  with  ten  times 
itR  bulk  (or  even   a    less    quantity)  of  water,  it   will  coagulate 
speedily  in  quite  a  normal  fashion,  \vith  the  production  of  quite 
tiormal  fibrin. 

If  some  of  the  colourless  transparent  plasma,  obtained  cither 

by  the  action  of  neutral  salts  from  any  blood,  or  by  the  help  of 

cold  from  horse's  blood,  be  treated  with  some  solid  neutral  salt, 

tuch  as  sodium  chloride,  to  saturation,  a  white  flaky  somewhat 

»ticky    precipitate  will   make    its   appearance.       If  this    precipi- 

e    tie   removed,  the    fluid    is    no    longer   coagulable   (or  very 

tly  so),  even  though  the  neutral  salt  present  be  removed  by 

s,  or  its  influence  lessened  by  dilution.     With  the  removal 

substance  precipitated,  the  plasma  has  lost  its  power  of 

gubting. 

the  precipitate  itself,  after  being  washed  with   a  saturated 

n  of  the  neutral  salt  (in  which  it  is  insoluble)  so  as  to  get 

All  s^iim  and  other  constituents  of  the  plasma,  be  treated 

a   small   quantity   of  water,    it   readily  dissolves%  and   the 

n  rapidly  filtered  gives  a  clear  colourless  filtrate,  which  is  at 

rfcctly   fluid.     Soon,   however,   th^  fluidity  gives  way  to 

,  and  this  in  turn  to  a  jelly  condition,  and  finally  the  jelly 

into  a  clot  floating  in  a  clear  fluid ;  in  other  words,  the 

'Hie  tubitancc  ludf  u  not  soluble  In  distilled  water,  but  a  quantity  of  the 

'  ftalu  always  clings  to  the  precipitate,  and  thus  the  addition  of  water 

^JrtBiliy  firo*  rise  to  a  dUute  saline  solution,  in  which  the  substance  is  rc^ilj 
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filtrate  clots  like  plasma.  Thus  there  is  present  in  cooled  plasma, 
land  in  plasma  kept  from  clotting  by  the  presence  of  neutral  salts, 
a  something,  precipitable  by  saturation  with  neutral  salts,  a 
something  which,  since  it  is  soluble  in  very  dilute  saline  solutionSi 
cannot  be  fibrin  itself,  but  which  in  solution  sp)cedily  gix'cs  rise  to 
the  appearance  of  fibrin.  To  this  substance  its  discoverer,  Denis', 
gave  the  name  of  plasminc,  XVe  are  justified  in  saying  that  the 
coagulation  of  blood  is  the  result  of  the  conversion  of  plasmine 
into  fibrin. 

The  question  now  arises.  What  is  the  exact  nature  of  plastnine  ? 
Is  it  for  instance  a  mixture  of  two  or  more  substances  which  by 
their  interaction  produce  fibrin  ?  This  view  is  suggested  by  the 
fact  that  plasmine  cannot  be  kept  in  sQlution  for  any  length  of 
time  without  changing  into  fibrin,  except  when  submitted  to 
certain  influences*  such  as  cold.  It  is  moreover  supported  by 
the  folloiving  facts. 

The  distrase  known  as  hydrocele  is  characterized  by  the  presence 
in  the  tunica  vaginaUs  (or  serous  sac  of  the  testis)  of  an  abnormal 
and  often  very  considerable  quantity  of  a  clear,  colourless,  or 
faintly  yellow  fluid  very  similar  in  appearance  to  the  scrum  of 
clotted  blood.  This  secretion,  when  drawn  from  the  living  body 
without  admixture  of  blood,  will  in  the  great  majority  of  cases 
remam  perfectly  fluid,  and  enter  into  decomposition  without  having 
shewn  any  tendency  whatever  to  clot.  In  a  few  exceptional  cases 
a  coagulation,  generally  slight,  but  quite  similar  to  that  of  colour- 
less blood-plasma,  may  be  observed. 

If  a  small  quantity  of  hydrocele  fluid  which  has  been  observed 
not  to  clot  spontaneously  be  mixed  with  some  serum  or  whipjied 
blood,  the  mixture  i*all  after  a  longer  or  shorter  time  clot  in  a 
completely  normal  manner.  That  is  to  say»  two  fluids  neither  of 
which  apart  clot  spontaneously,  will  clot  spontaneously  when 
mixed  together,  (In  some  cases  no  clot  is  formed  ;  specimens  of 
\iydrocele  fluid  are  occasionally  met  with  in  which  coagulation 
cannot  be  thus  produced.) 

If  serum  be  treated  to  saturation  with  solid  sodium  chloride  or 
magnesium  sulphate,  a  flaky  precipitate  very  similar  in  general 
appearance  to  plasmine  will  make  its  appearance.  Like  plasmine, 
this  precipitate  \^  soluble  in  very  dilute  neutral  saline  solutions,  and 
in  consequence  as  thus  prepared  readily  dissolves  when  treated 
with  distilled  water,  since  a  certain  amount  of  sodium  chloride 
clings  to  it.  Unlike  plasmine,  its  filtered  solution  will  not  clol. 
If,  however,  some  of  the  solution  be  added  to  hydrocele  fluid,  a 
clotting  takes  place  just  as  when  serum  itself  is  added.  The  resi 
*  Aim, «/.  Seu  Nat.,  {iv.)  x.  p.  as. 
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the  serum  from  which  this  substance  has  been  removed  will  not, 
ler  the  removal  by  dialysis  of  tlie  excess  of  salt,  cause  clotting  in 
hydrocele  fluid.  Evidently  it  is  the  presence  of  this  constituent, 
lot  coagulablc  of  itself,  which  gives  to  serum  its  power  of  producing 
cxiagulation  in  hydrocele  fluid.  The  substance  in  question  may 
be  prepared  by  diluting  blood -serum  with  ten  or  twenty  tines 
bulk  of  water  and  passmg  a  brisk  stream  of  carbonic  acid 
irongh  it.  The  mixture  speedily  becomes  turbid,  and  if  left  to 
Itand  a  copious  white  amorphous  somewhat  granular  precipitate 
rttles  down.  'Hie  substance  so  thrown  down  has  received  the 
ime  of  /hira^hbulin  ox  ftbnnoplastic globulin  ot  fibrinopld$tin.  It 
also  be  thrown  down  by  very  cautiously  adding  dilute  acetic 
to  dilute  serum.  It  is,  like  fibrin,  a  proteid  :  but  it  dififers  in 
\y  respects  from  fibrin.  It  does  not  occur  in  the  form  of  hbrils, 
f*nd  though  insoluble  in  distilled  water,  is  very  readily  soluble  in 
lilutc  neutral  saline  solutions.  There  are  many  protctds  very 
tlosely  allied  to  it;  and  these  are  frequently  classed  together  as 
iobulim*. 

If,  on  the  other  hand,  hydrocele  fluid,  specimens  of  which  have 

^ccn  observed  to  coagidaie  on  the  addition  of  serum  orparaglobu- 

'  u  be  treated  in  lh«;  same  way  either  with  carbonic  acid  or  with 

chloride  tij  saturation,  a  precipitate  is  obtained  simitar  to, 

>re  flaky  and  le^is  granular  in  nature  than,  that  produced  in 

When  this  precipitate,  to  which  the  name  oijibrittagen  has 

^een  given,  is  di.ssolved  in  dilute  neutral  saline  solution,  and  the 

lution  added  to  serum,  the  mixture  coagulates  spontaneously* 

ule   the  hydrocele  fluid  from  which  the   substance   has  been 

ie«1  no  longer  causes  coagulation  in  serum.     Thus  paraglo- 

from  scrum  causes  coagulation  of  hydrocele  fluid,  and  fibrm- 

from  hydrocele  fluid   causes   coagulation  of  serum,  though 

irtthPT  alone  coagulates  spontaneously.     And  serum  depnved  of 

iobulin,  and  hydrocele  fluid  deprived  of  its  fibrinogen, 

1  all  |>owcr  of  coagulating  each  other. 

l,a!itly,   if  solid    paraglobulin  and  fibrinogen,  prepared  by  the 

lium  chloride  method,  be  together  dissolved  in  dilute   saline 

>lutk>n,  the  fluid   mixture  will  coagulate  spontaneously  with  the 

production  of  quite  normal  fibrin. 

These  facts  seen\   to   shew  that   plasmine  is  a   mixture  of 

^'"^ ^"-n  and  paraglobulin  j  indeed  an  artificial  mixture  of  the 

f,  obtained  from  scrum  and  hydrocele  fluid  respectively, 
•.v/unj  1^  undistmguishable  from  the  former  obtained  from 
fluma.     It  nmst  however  be  remembered  that  no  one  has  yet 


For  farther  details  see  Appeiidix. 


2 — 2 


PARAGLOBUUtf  AKB  lUmmOCElf,       [BOOK 


Imo  fibriDogen 

Tbeie  are  ■Kwearef  ftcts  v^adi  shcv  t^at  tlie  ibove 
Its  do  not  cover  Hie  whole  ffooad ;  tlKie  ts  mdeac^  of 
tence  of  yd  anolhcr  finrtor  in  tike  pfoccs^ 

1.  If  fibrinogen  and  parag^wJiD  be  isolated  by  the 
add  method,  their  intxtnre  in  a  aalne  aoiocioii  dots  vtth 
diffiedty  or  not  at  all ;  wben  they  ate  ptcpaicd  by  tbe  satuntif 
method,  their  mixture  gi^'es  a  good  fitm  <ioL     This  wggr^ts  Uut 
something  retained  by  the  bcter  lactbod  is  lost  by  the  Ibnncr. 

2.  Narmal  blood-pfaBBna  must  natimliy  cootaxn  an  excess  of 
pai3g)obulin,  since  after  coagnlation  the  serum  still  contains  a 
considerable  quantity  of  that  tiody.  Yet  er^ii  in  btood-plasma, 
paiaglobulin«  under  certain  drcums^nces*  will  fiiTOtir  coagulation. 
If  three  parts  of  plasma  be  mixed  with  ooe  part  of  a  solution  of 
magnesium  sulphate  (one  of  the  salt  to  diree  and  a  half  of  water), 
the  mixture  diluted  with  eight  ports  of  water  will  afford  a  dilute 
plasma,  in  which  spontaneous  coaguiatioo  will  cxdicr  not  occur  at 
all  or  come  on  very  slowly  indeed.     In  this  dilute  plasma  the 

raglobulin  is  still  in  excess.     Nevcxtbdess  the  addition  of  a 
ther  quantity  of   paiaglobultn,   prepsfed   by  saturation  wit 
^■odium  chloricie,  will  speedily  cause  coagulation.     From  this 
may  be  inferred  that  in  adding  the  paiaglobulin  thus  prej 
something  else  is  added  as  well* 

3.  If  blood-serum  or  deftbrinated  blood  be  poured 
about  twenty  times  its  bulk  of  strong  spirit,  and  the 
allowed  to  stand  for  some  three  weeks,  or  longer,  all  the  pi 
matters  including  the  paraglobulin  become  coaguLited  and  ahn< 
wholly  insoluble  in  water.  Hence  if  the  spirit  be  filtered  off 
the  copious  precipitate,  and  the  latter  dried  at  a  low  temperature 
(below  40°)  and  extracted  with  distilled  water,  the  aqueous 
extract  contains  no  palpable  amount  of  proteid  material  and 
gives  but  slight  reactions  with  proteid  tests.  A  small  quantity  of 
this  aqueous  extract  of  blood,  however,  though  free  from  para- 
elobulin,  will  when  atlde3  to  the  dilute  plasma,  spoken  of  abo%'i 
bring  about  a  rapid  coagulation. 

•  Wc  owe  the  discovery  of  fit)nnopl&.^tiii  and  fibrinogen  to  A.  Sc1« 
vrhoae  earlier  papers  wiJl  be  found  in  Ketchert  and  du  BuisReymond's  M^rJi 
l86l»  p.  545.  ind  1862,  p.  428.  Schmidl's  later  results^  which  arc  di< 
in  the  *nccee<Jing  portion*  of  this  section,  are  contained  in  pa]>ars  pabttfihcd  in 
J-fluger'i  AfiA$t>,  vi.  (1872)  p.  41J;  xj.  (1S75)  pp.  291  and  515;  XiU»  t«876| 
pp.  93  and  146. 
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4.  If  the  pericardial  cavity  of  a  large  mammal  (ox,  horse, 
sheep)  be  Uid  open  immediately  aftar  drafh,  the  fluid  removed  will 
coagulate  spontaneously  and  rapidly.  The  clot  will  on  examina- 
tion be  ffjund  to  consist  of  a  meshwork  of  normal  fibrin  in  which 
are  entangled  a  multitude  of  white  corpuscles.  If  the  opening  of 
the  body  be  deferred  to  some  twenty  or  more  hour^  after  death, 
ihc  pcncanlial  fluid  will  be  found  either  not  to  coagulate  at  all  or 
to  coagulate  very  slowly  and  feebly. 

When,  however,  paraglobulin  prepared  by  the  saturation 
method  is  added  to  such  a  pericardial  tluid  a  rapid  and  complete 
coagulation  is  generally  brought  about.  But  precisely  the  same 
coatrulation  may  in  many  cases  be  brought  about  by  the  simple 
'  lition  of  the  aqueous  extract  just  described.  Most  pericardial 
is  in  fact  behave  extremely  like  the  dilute  pLisma  spoken  of 
►vc  Moreover  s0me  specimens  of  hydrocele  fluid  will  clot 
cmtaneousiy  on  the  addition  of  the  aqueous  extract  without  any 
iraglobulin  being  added  at  alL 

Here  then  are  indications  of  the  existence  of  a  substance 

rhich  is  neither  fibrinogen  nor  paraglobuliu,  but  which  neverthe- 

appears  to  be  as  necessary  as  either  of  the  other  two  for  the 

rcurrence  of  coagulation.     This  thud  substance  will  not  bring 

coagulation  with   fibrinogen    alone    or   with   paraglobulin 

It  will  not  bring  about  coagulation  in  fluids  such  as  many 

jle  fluids,  from  which   paraglobulin   is  apparently  absent, 

from  which  fibrinogen  is  absent     It  is  efficacious  only 

cases  where  there  are  reasons  for   thinking   that   both 

(globulin  and  fibrinogen  are  present     But  its  most  important 

the  following.     In  the  cases  in  which  coagulation  is 

bout  by  the  addition  of  paraglobulin  to  fibrinogenous 

c  quantity  of  fibrin  produced  certainly  depends  on  the 

<  >f  fibrinogen  present  and  appears  also  to  be,  to  a  certain 

determined    by   the   quantity    of    paraglobulin    adtled ; 

whereas   the   addition    of    the  aqueous   extract   only  affects  the 

■  'jty  with  which  coagulation  sets  in,  and  not  at  all  the  quantity 

brin  produced.     In  other  words,   the  aqueous  extract  does 

Lontributc  to  the  substance  of  the  fibrin,  but  favours,  or  is 

f- 1!  to,  the  union  of  the  two  fibrin  factors.     That  is  to  say, 

mce  in  the  aqueous  extract  which  thus  afl^ects  coagulation 

a  that  class  of  substances  which  promote  the  union  of 

lie4i,  o?  cause  changes  in  other  bodies,  without  themselves 

rnlo  union  or  undergoing   change.     These  substances 

hereafter  learn  to  speak  of  as  *  ferments  ' ;  and  this  j»aT- 

Ucular  substance  has  been  called  by  its  discoverer,  A.  Schmidt  % 
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fibrin-ferment.  Obviously  the  ferment  is  present  m  blood-plasma, 
in  plasmino,  and  in  paraglobulin  as  prepared  by  the  saturation 
method,  but  is  apparently  m  iiirge  measure  lost  when  paragloboliii 
is  prepared  by  the  carbonic  acid  method. 

In  conclusion  then  we  may  say,  that  coagulation  is  the  result^ 
of  the  interaction  of  two  bodies,  paraglobuhn  and  fibrinogen, 
brought  about  by  the  agency  of  a  third  body,  fibrin-ferment. 
Where  these  three  bodies  are  all  present,  as  in  blood-plasma,  in 
plasminc,  in  pericardial  tluid  taken  from  the  body  immediately 
after  death,  spontaneous  coagulation  is  witnessed  :  where  the 
ferment  is  absent,  but  the  other  factors  are  present,  as  in  many 
cases  of  pericardial  fluid  removed  some  time  after  death, 
coagulation  will  take  place  on  the  addition  of  ferment  alone; 
where  both  ferment  and  paraglobulm  are  absent,  as  in  many 
of  hydrocele  fluid,  both  these  must  be  added  before  coagulation 
can  come  on. 


The  exact  nature  of  the  process  by  which  the  presence  of  all  three' 
factors  leads  to  the  formation  of  fibrin  cannot  be  at  present  defined 
more  closely  than  by  the  phrase  'interaction.'  Beyond  the  broad 
fact  that  the  quantity  of  tibrin  formed  is  aflfectcd  by  the  quantity  of 
par/iglobulin  and  fibrinu^'cn  present,  we  have  no  knowledge  of  quanti- 
tative rel  aions  between  the  two  constituents.  That  they  do  not  unite 
simply  together,  as  a  base  with  an  acid,  seems  to  be  ckarly  shewn  by 
the  ract^  that  in  arliliciul  coagulations  the  quantity  of  fibrin  formed 
ts  by  weight  always  IciS  than  that  of  the  paraglobulm  used  ;  indeed  is 
frequently  less  than  that  of  the  fibrinogen  calculated  to  be  present. 
Hammarstcn*  argues  that  the  paraglobulm  docs  not  enter  in  any  wny 
into  the  fibrin,  the  latter  being  simply  transfonned  fibrinogen 
explains  the  fibrinoplastic  properties  of  paraglobulin  as  due  to  thi 
substance  obviating  certain  hindrances  to  the  fonnation  of  the  fibrin,' 
for  instance,  preventing  the  solution  by  saline  or  other  bodies  of  the 
fibrin  \*hile  it  is  m  what  may  be  called  a  nascent  condition,  i.£.  in  a 
stage  intermediate  between  fibrinogen  and  fibrin.  According  to  hira 
the  quantity  of  paraglobulin  present  in  a  coagulating  fluid,  though  of 
marked  elTect  on  the  quantity  of  fibrm  produced,  has  no  eflect  on  the 
total  quantity  of  fibrinogen  used  up,  i.€.  transformed  into  fibrin  oil 
into  soinetiiing  else 

Some  authors  go  so  far  as  to  believe  that  paraglobuHn  in  itself  h* 
no  share  in  the  matter,  and  that  its  apparent  fibrmoplastic  qualities 
arc  always  due  to  a  quantity  of  the  ferment  being  entangled  in  it 
during  its  prep  iration  They  regard  the  formation  of  fibrin  as  being 
simply  a  tmosformation  of  fibrinogen  by  means  of  the  fibrin  fennent. 
But  this  view  is  cliarly  untenable  so  long  as  the  statement  that  the 
quantity  of  fibrm  fonned  is  affected  by  the  preicnce  of  paraglobuhn 


PflUger's  Arrkiv,  xiy,  (1877),  211. 
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U  not  disproved.  The  asscriton  of  Hammarsicn*.  that  paraglobuttn 
may  be  deprived  of  its  tlbrinupUstic  powers  by  exposure  to  a  icmpera- 
lurc  of  56'  or  58^  C  without  any  chanijc  in  its  ordmitry  characters 
Hot^  it  is  true  in  tbat  direction,  but  bis  further  statement  that 
tpe^rimens  of  hydrocele  fluid  which  refuse  to  dot  on  the  simple 
iddrtion  of  the  fcnnent,  but  do  ^o  on  the  further  addition  cf  para- 
ilin,  may  yet  contain  a  considerible  qu.iniity  of  a  body  apparently 
tica]  v%it^  par.T^iobultn,  shew  that  furt'ier  study  ol  the  whole 
:t  is  stdi  required. 

This  conception  of  coagulation  as  a  chemical  process  between 
;rtain  factors  renders  easy  of  com  pre  lien  si  on  the  influence  of 
rjirious  conditions  on  the  coagulation  of  blood.  The  quickening 
Influence  of  heat,  the  rerarding  effect  of  cold,  the  favourable 
:tion  of  motion  and  of  contact  with  surfaces^  and  hence  the 
suits  of  whipping  and  the  intluence  exerted  by  the  form  and 
^surface  of  vciisels,  become  intelligible.  The  greater  the  numl>er 
of  points,  thai  ia  the  larger  and  rv>ugher  the  surface  presented  by 
^tbc  vessel  into  which  blood  is  shed,  tiie  more  quickly  coagulation 
«nes  on,  for  contact  with  surfaces  favours  chemical  imion*  So 
the  presence  of  spongy  platinum,  or  of  an  inert  powder  like 
ircoal,  quickens  Ihc  coagulation  of  tardily  clotting  tluids,  such 
ms  many  cases  of  pericardial  fluid 

The  action  of  neutral  salts  is  still  obscure.     Schmidt  has  shewn 

^t  tlic   pr<!»eucc  of   a  neutral  salt,  such   as   sodium  chlurido,    is 

to  the  process,  coagulation  not  occurring  even  where  all 

turs  are  present,  if  no  neutral  salt  accompany  them  ;  thus 

tibnn  coaxulalioa  after   all  into  the  same  category  as  the 

ilatton  ot    aibu  urn  by  heat :  see  Appendix.     The  prestncc  oi 

jlobin  aho,  mdcpcndenily  of  the  fibnnoplaslin  which  nxAy  be 

It  in  the  red  corpusclesj  appears  to  favour  coagulation. 

Having  thus  arrived  at  an   approximative  knowledge  of  the 
itnrc  of  coagulation,  we  are  in  a  better  position  for  discussing 
ic  question,  Why  does  blood  remain  fluid  in  the  vessels  of  tlie 
iving  body  and  yet  -clot  when  shed  ? 

Tlie  older  views  may  be  at  once  summarily  dtsiYiissed.  The 
clotting  is  nut  <Uie  to  loss  of  temperature,  for  cold  ri:tards  coagu> 
Ution,  and  the  blood  of  cold-blooded  animals  b^'haves  just  lik^ 
;^Jt  of  warm-blooded  animals  in  clotting  when  shed.  It  is  not 
to  loss  of  motion,  for  motion  favours  co;igulation.  It  is  not 
[doc  fo  exposure  to  air,  whereby  either  an  increased  access  of 
oxygen  or  an  escape  of  volatile  matters  is  f^icilitatcd.  for  on  the 
hand  the  blood  is  fully  exposed  to  the  air  in  the  lungs,  and 

•  PflUgcr^i  ArfJkw,  XVI IL  li87«)»  p.  38 
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on  the  other  shed  blood  clots  when  received,  without  any  exposure 
to  the  atmosphere,  in  a  closed  tube  over  mercury. 

All  the  facts  known  to  us  point  to  the  conclusion,  that  whci 
blood  is  contained  in  healthy  living  blood-vessels,  a  certain  relatioi 
or  equilibrium  exists  between  the  blood  and  the  containing  vessels^ 
of  such  a  nature  that  as  long  as  this  equilibrium  is  maintained  the 
blood  remains  fluid,  but  that  when  this  equilibrium  is  disturbed  by 
events  in  the  blood  or  in  the  blood-vessels  or  by  the  removal  of 
the  blood,  the  blood  undergoes  changes  which  result  in  coi 
latibn.    The  roost  salient  facts  in  support  of  this  conclusion  are 
follows. 

1.  After  death,  when  all  motion  of  the  blood  has 
the  blood  remains  for  a  long  time  fluid.  It  is  not  till  some  til 
afterwards,  at  an  epoch  when  post- mortem  changes  in  the  bl< 
and  in  the  blood-vessels  have  had  time  to  develop  thcmselves^^ 
that  coagulation  begins.  Thus  some  hours  after  death  the  blood 
in  the  great  veins  may  be  found  perfecUy  fluid.  Yet  such  blood 
has  not  lost  its  power  of  coagulating  i  it  still  clots  when  removed 
from  the  body,  and  clots  too  when  received  over  mercury  without 
exposure  to  air,  shewing  that  the  fluidity  of  the  highly  venous 
blood  is  not  due  to  any  excess  of  carbonic  acid  or  absence 
oxygen.  Eventually  it  does  clot  even  within  the  vessels,  bi 
never  so  firmly  and  completely  as  when  shed.  It  clots  first  ii 
the  larger  vessels,  remaining  for  a  very  long  time,  for  many  hoi 
in  facty  fluid  in  the  smaller  veins,  where  the  same  bulk  of  blo< 
is  exposed  to  the  influence  of,  and  reciprocally  exerts  an  influen* 
on,  a  larger  surface  of  the  vascular  walls  than  in  the  larger  veins.' 
Thus  if  the  foot  of  a  sheep  be  ligatured  and  amputatt.*d,  the  blood 
in  the  small  veins  will  be  found  fluid  and  yet  coagulable  for  tnan| 
hours. 

2.  If  the  vessels  of  the  heart  of  a  turtle  (or  any  other  coli 

blooded  animal)  be  ligatured,  and  the  heart  be  cut  out  and 
suspended  so  that  it  may  continue  to  beat  for  as  long  a  period 
as  possible,  the  blood  will  remain  fluid  within  the  heart  as  long  as 
the  pulsations  go  on,  i>.  for  one  or  two  days  (and  indeed  for  some 
time  afterwards),  though  a  portion  taken  away  at  any  period  of 
the  experiment  will  clot  very  speedily.* 

3.  If  the  jugular  vein  of  a  large  animal,  such  as  an  ox  or 
horse,  be  ligatured  when  full  of  blood,  and  the  ligatured  portion 


*  Briicke,  Brii.  and  Jurr,  Med,  Ckir,  Review,  xix.  p.  183  (l8S7). 
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excised^  the  blood  in  many  cases  remains  perfectly  fluid,  along  the 

greater  part  of  the  Jctigth  of  the  piece,  for  twenty-four  or  even 

)riy-elght  hours.     The  piece  so  ligatured  may  be  suspended  in  a 

lework  and  opened  at  ihe  lop  so  as  to  imitate  a  living  test* 

ibc,  and  yet  the  blood  will  often  remain  long^fliiid,   though  a 

irtion  removed  at  uny  lime  into  another  vessel  will  clot  in  a 

;w  minutes.      If  two  such  living  test'lubes    be    prepared,    the 

>lood  riiay  be  poured  from  one  to  the  other  without  coagulation 

jng  place/ 

The  above  facts  illustrate  the  absence  af  coagulation  in  intact 
slightly  altered  living  blood-vessels;  the  following  shew  that 
ktion  may  take  place  even  in  the  living  vessels. 

4.  If  a  needle  or  piece  of  wire  or  thread  be  introduced  into 
living  blood-vessel  of  an  animal,  either  during  life  or  im- 
mediately after  death,  the  piece  will  be  found  encrusted  with 
ibrui. 

If  in  a  living  animal  a  bloodvessel  be  hgatured.  the 
being  of  such  a  kinri  as  to  mjure  the  inner  coat,  coagu* 
place  at  the  ligature  and  extends  for  some  distance 
it  Thus  if  the  jugular  veiti  of  a  rabbit  be  ligatured  roughly 
two  places,  clots  wdl  in  a  few  hours  be  found  in  the  ligatufcd 
ion,  reacning  upwards  and  downwards  from  each  ligature,  the 
kiddie  portion  being  the  least  coagulated  Clots  will  also  be 
md  on  the  far  side  of  each  ligature,  The  clots  will  still  af)pear 
the  ligature  be  removed  immediately  after  Ixiing  applied, 
n*idetl  that  in  the  process  the  inner  coat  has  been  wounded. 
the  ligatures  be  applied  in  such  a  way  as  not  to  injure  the 
fcficr  coat^  coagulation  will  not  take  place,  though  the  blood 
%y  retnain  for  many  hours  perfectly  at  rest  between  the  ligatures. 

i6.     When  an  artery  is  ligatured  a  conspicuous  clot  is  formed 
the  cardiac  side  of  the  hgature.    The  clot  is  largest  and  firmest 
mediate  neighbourhood  of  the  ligature,  gradually  thinnmg 
It  thence  and  reaching  usually  as  far  as  where  a  branch 
t  >tl      Ik'lween  this  branch  and  the  ligature  there  is  stasis  j 

I  of  the  artery  suffer  from  the  want  of  renewal  of  blood, 

U*i»i  favour  the  propagation  of   the    coagulation.      On    the 
la]  side  of  the  ligature  where  the  artery  is  much  shrunken,  the 
doc  which  is  formed,  though  naturally  small  and  inconspicuous)  ia 


'  LUter,  /y»r,  /^ay,  Soc,,  xii.  p.  580  (iSsSJ- 
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7.  Any  injury  of  the  inner  roat  of  a  blood-vessd  causes 
coagulation  at  the  spot  of  injury.  Any  treatment  of  a  blood- 
vessel tending  to  injure  its  normal  condition  causes  local 
coagulation, 

8.  Disease  involving  the  inner  coat  of  a  blood  vessel  causes 
a  coagulation  at  the  part  diseased.  Thus  inflamroaiion  of  the 
Hning  membrane  of  the  valves  of  the  heart  in  endocarditis  is 
frequently  accompanied  by  the  deposit  of  fibrin.  In  aneurism 
the  inner  coat  is  diseased,  and  layers  of  fibrin  are  commonly 
deposited.  So  also  in  fatty  and  calcareous  degeneration  without 
any  aneurismal  dilation  there  is  a  tendency  to  the  formation  of 
clots. 

9.  Similar  phenomena  are  seen  in  the  case  of  serous  3uid8 
which  coagulate  spontaneously.  If,  as  soon  after  death  as  the 
body  is  cold  and  the  fat  is  solidified,  the  pericardium  be  carefully 
removed  from  a  slieep  by  an  incision  round  the  base  of  the  heart, 
the  pericardial  lluid  may  be  kept  in  the  pericardial  bag  as  in  A 
living  cup  for  many  hours  without  clotting,  and  yet  a  small  portioo 
removed  with  a  pipette  clots  at  once,  and  a  thread  left  hangi 
into  the  fluid  soon  becomes  covered  with  fibrin. 


1 


The  only  interpretation  which  embraces  these  facts  is  that 
long  as  a  certain  normal  relation  between  the  lining  surfaces  of 
the  blood-vessels  and  the  blood  is  maintained,  coagulation  does 
not  lake  place  ]  but  when  this  relation  is  disturbed  by  the  more  or 
less  gradual  death  of  blood-vessels,  or  by  their  more  sudden 
disease  or  injury,  or  by  the  presence  of  a  foreign  body,  coagu- 
lation sets  in.  Two  additional  points  may  here  be  noticed. 
I.  Stagnation  of  bk^od  favours  coagulation  witliin  the  blood- 
vessels, apparently  because  the  blood-vessels,  like  other  tissues, 
demand  a  renewal  of  the  blood  on  which  they  depend  for  the 
maintenance  of  their  vital  powers.  2.  The  influence  of  surface 
is  seen  even  in  the  coagulation  within  the  vessels.  In  cases  of 
coagulation  from  gradual  death  of  the  blood-vessels,  as  in  the 
case  of  an  excised  jugular  vein,  the  fibrin,  wlien  its  deposition  is 
sufficiently  slow,  is  seen  to  appear  first  at  the  sides,  and  from 
thence  gradually,  frequently  in  layers,  to  make  its  way  to  the 
centre.  So  in  aneurism,  the  deposit  of  fibrin  is  frequently  lami- 
nated. In  cases  where  coagulation  results  from  disease  of  the 
lining  membrane,  the  rougher  the  interior,  the  mote  speedy  and 
complete  the  clotting.  So  also  a  rough  foreign  body,  presenting 
a  large  number  of  surfaces  and  points  of  attachment,  more  readi^ 
produces  a  clot  when  introduced  into  the  living  blood-vessels  thail 
a  perfectly  smooth  one. 
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Clear  as  it  seems  to  be  that  some  vital  relation  of  blootl  to 

od-vessel  is  the  duininant  condition  aflfecling  cocigulaiion,  it  is  by 

I50  means  easy  to  state  distinctly  what  is  the  exact  nature  of  that 

relation.     Some  authors' speak  of  the  blood-vessels  as  exercibing 

a  restraining  influence  on  the  natural  tendency  of  the  blootl  to 

coagulate.     Others  *  re^^ard  the   living   blood-vessel  (and  indeed 

living  matter  in  general)  as  being  wholly  inert  towarils  the  fibrin- 

f:it  .rs.     These   ihey   consider  need   the    presence,  the   contact 

uce  of  some  body,  in  order  that  they  may  act  on  each  other 

I  m  fibrin  ;  thus  contact  with  the  sides  of  the  vessel  into  which 

blood  is  shed,  or  with  the  surface  of  a  foreign  body  introduced 

H'tM  !i  living  vessel,  is,  according  to  them,  the  determining  cause  of 

ilation.     They  suppose  that  living  matter  exercises  no  such 

...ict  influence* 

Before  this  point  can  be  decided,  further  knowledge  it  needed 
incerning  the  exact  condition  of  the  tibrin-factors  in   hving  blood 
Ithin  the  body.     While  the  blood  is  fluwing  uncoagulatcd  through 
le  vcs&cJs  are  all  the  three  fibrin-factors,  paraglobulin,  fibrinogen  and 
;nt,  already  present  in  plasma  ?     Or  are  they  all,  or  is  one  or  two 
U  nnd  if  so  is  the  appearance  of  them,  or  of  one  of  them,  in  the 
*,  the  necessary  invisible  forerunner  of  coagulation  ?   Our  scanty 
ttion  on  this  point  may  be  summarized  as  follows. 

In  all    spontaneously  coagubble    fluids  white  corpuscles  are 

itp  and  the  more  abundant  they  are,  the  more  pronounced  is  the 

Ution.    Thus  the  spontaneously  coagulating  pericardial  fluid  is 

lingly  rich  in  white  corpuscles,  and  the  clot  formed  seems  under 

froscopc  to  be  almost  entirely  composed  of  them,  so  completely 

de  the  threads  of  tibrin.     In  the  specimens  of  pericardial 

Iroceic  fluid  which  do  not  coagulate  spontaneously  white 

npu>c(e:i  are  absent,  or  at  least  scanty. 

2.  The  deposition  of  fibrin  round  a  thread  if  dipped  into  a  coagii* 

»te  fluid  or  drawn  through  a  blood-vessel  and  left  there,  is  preceded 

accumuUtlon   of  white   corpuscle-i.      These  cluster   in  great 

1  the  thread,  and   when  the  mass   is  examined  under 

the  corpuscles  seem  to  serve  as  starting  points  for  the 

lu^iiULUi  ut  the  threads  of  Ubrio, 

3    In  the  experiment  of  keeping  blood-fluid  but  coagulabie  in  an 

vein  (of  the  horse),  it  is  observed  that  when,  as  in 

•appens,  the  cor]Just:lcs  have  sunk  to  the  bottom  of  the 

p.  cLc     :  .'  :3i,  it»e  upper  l.ijcri  of  clear,  corpuscle-free,  plasma  clot  very 

lecbiy  inilccd  when  removed  from  the  vein,  wherca*  the  lower  layers 

licit  m  corpuscles  clot  most  flrmly. 

4,  When  horse's  blood  is  received  from  a  blood-vessel  into  an  ice-cold 
dilsic  soiution  of  chloride  of  sodium,  and  the  mixture  kept  just  short 

'  Briickc,  ^.  cU.  •  Lister,  ^  air. 
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Lws  from  these  lacis,  is  that  paraglobulin,  like  the  fibrin-fermenL 
ks  its  origin  in  the  white  corpuscles,  but  that  fibrinogen  is  a  nonnal 
kStitucAt  of  the  plasma. 

7.  If  a  drop  of  horse's  plasma  kept  from  coagulating  by  cold  be 
Eamincd  under  the  microscope,  it  will  be  found  to  contain  a  large 
tmbcr  of  white  corpuscles,  mixed  with  which  according  to  A.  Schmidt 
mscles  of  an  intermediate  character  between  white  and  red,  /.*•. 
ted  cells  whose  protoplasm  is  loaded  wiih  coloured  ha:moglobin 
As  the  drop   is  watched,  a   large  number  of   the  white 
:les  and  all  the  intermediate  forms  are  seen  to  break  up  into  a 
_    Lnular  detritus.    This  breaking  up  of  the  white  corpuscles  is  the 
precursor  of  coagulation,  the  threads  of  fibrin  seeming  to  start  from 
^c  remains  of  the   corpuscles.       Putting   all   these  facts   together, 
;hmidt  concludes  that  when  blood  is  sheil,  a  number  of  white  and 
Lcnncthate  corpuscles  fail   to   pieces,  by  which  act  a  quantity  of 
ferment   and   of  paraglobulin   is  discharj^jcd   into   the  plasma, 
meeting  there  with  the  already  prLsenl  fibrinogen  give  rise  to 
U  and  coagulation  results.     In  other  mammals  coagulation  even 
low   temperatures   is  too  rapid  to  permit  of  the  changes  in  the 
isclcs  being  watched  as  siUisfactorily  as  in  the  horse,  but  even  in 
evidences  of  the  exiitence  of  intermediate  forms  may  be  met 

This  view  excludes  the  red  corpuscles,  as  far  as  mammals  are 

concurned,  ftom  any  direct  share  in  coagutition.     Whether  this  ulti- 

provc  to  be  correct  or  not,  there  are  facts  which  shew  that  the 

I  ted    red   corpuscles  of   other   vertebrates,   which    it   must   be 

"red  are  the  homologuca  of  the  intermediate   forms,  have  a 

'  Tcr  connection  with  the  process.     If  the  defihrinated  blow! 

oi      ill  .^'  or  the  bird  be  allowed  to  stand  until  the  corpuscles  have 

m:'      :    1   the  latter,  separated  as  much  as  possible  from  the  scrum, 

attd  iteaied  with  a  considerable  quantity  of  distilled  water,  yield  a 

fikrate  which  coagulates  spontaneously.    That  is  to  say,  the  water 

Kr^iic<i  up  the  red  corpuscles  and  sets  free  a  quantity  of  fibrin-factors 

1  otherwise  would  have  remained  latent.     The  amount  of  fibrin 

>buined  may  be  considerably  greater  than  the  quantity  originally 

appcariog  in  the  blood.     It  is  worthy  of  notice,  that  in  this  case  the 

corpuscle  IS  the  source,  not  only  of  the  fibrin-ferment  and  paraglobulin, 

btit  also  of  the  fibrinogen. 

Aecf-ptin^  this  view  as  approximately  correct,  the  coagulation  of 
t  V  be  referred  to  the  circumstance,  that  even  the  com- 

j  !  changes  which  must  take  place  in  the  bloorl  on  its 

1'  tii<-    vL'ssels   are  sufficient  to   entail  the   death,  and    40  the 

f  f '    '   r   :    tip,  of  a  number  of  the  dcUcair   while  corpuscles.     The 
•     !tH5  Hithm  the  body  is  not  so  easy  to  explain.     We  are 
cases  to  suppose  that  injured  and  diseased  spots  or 
tr>t  nttract,  and  then,  as  it  were  by  irritation,  cause  the 

:  I J  mbcr  of  cor pusc  les. 
i-r,  if  this  view  t>c  admitted,  it  must  also  be  granted 
vessels  do  in  some  manner  or  other  exercise  a  re- 
nce  on  the  formation  of  fibrin.     For  many  of  these 


Sbc  3.     The  Crsmicai,  Cghposition  op  Blooi>. 

The  average  specific  gravity  of  human  blood  is  1055,  vaiyiog 
from  1045  to  1075  within  ihe  limits  of  health.  The  reaction  of 
btood  as  It  flows  from  the  blood-vessels  is  found  to  be  distinctly 
ftlluline. 

Acrordinf^  to  Zuntz%  the  alkalescence  of  shed  blood  rapidly 
diminishes  up  to  the  onset  of  coagulation.  Other  observers  have 
however  maintained  ihai  the  serum  is  more  alkaline  than  the  un- 
coAfulnied  blood,  orcruor.  ** 

Hlood  may,  in  general  terms,  be  considered  as  consisting  by 
weight  of  from  about  one-third  to  somewhat  less  than  one-half  of 

•  1  f"\rTicr\^  l.„  Ht<htrthei  sur  kt  Coagulaiion  du  Sang.     BnuteUcs,  1877. 

•  t  *ttirnlkt,J.  mtd.  Wist,,  1S67,  p.  801. 
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corpuscles,  the  rest  being  plasma,  the  corpuscles  being  supposed 
to  retain  the  amount  of  water  proper  to  them. 

Hoppe-Scyler  gives,  in  looo  parts  of  the  venous  blood  of  the 

*--—?.  Coq)uscles  326,  Plasma  674*,     As  will  be  seen  in  the  siic- 

tg  sections,  the  number  of  corpuscles  in  a  specimen  of  blood 

ind  to  vary  considerably,  not   only  in   different   animals  and 

tTerent   individuals,  but   in    the    same    individual    at    different 


Conspicuous  and  striking  as  are  the  results  of  coagulation^ 
tive  as  appears  to  be  the  clot  which  is  formed,  it  must  be 

lembered  that  by  far  the  greater  part  of  the  clot  consists  of 
:les.  The  amount  by  weight  of  fibrin  required  to  bind 
jjcther  a  number  of  corpuscles  in  order  to  form  even  a  large  firm 
CJOt  IS  exceedingly  small  Thus  tlic  average  quantity  by  weight 
of  fibrin  in  human  blood  is  said  to  be  *2  p.  c,  but  the  amount 
which  can  be  obtained  from  a  given  quantity  of  plasma  varies 
extremely;  the  variation  being  due  not  only  to  circumstances 
aflfecting  the  blood,  but  also  to  the  method  eraployetL 

The  difficulties  indeed  of  acquiring  an  exact  knowledge  of  the 
chemical  constitution  of  the  plasma,  which  as  we  have  seen  from  the 
foregoing  section  is  probably  undergoing  changes  from  the  moment 
of  being  shed,  are  very  great;  our  information   concerning  the 

ipofiilion  of  the  serum  and  of  the  corpuscles  is  much  more 

Composition  of  serum.  In  100  parts  of  serum  there  are  in 

Hind  numbers    Water     90  parts 

Proteid  Substances       8  to  9     „ 

Fats,  Extractives*,  and  Saline  Matters  2  to  i      „ 

The  porteid  substances  present  in  serum  are; — (1)     The  so- 
led strumallfumin^  (2)  paraglobulin.     The  paraglobulin,  as  has 
stated  in  the  preceding  section,   may  be  removed  from  the 
in  several  ways  :  viz,,  by  passing  carbonic  acid  through  or 
cautiously  adding  dilute  acetic  acid  to  the  diluted  serum,  or 
saturating  the  undiluted  serum  with  sodium  chloride  or  mag- 
'^Inm  sulphate.  When  this  has  been  done  a  considerable  quantity 
i   material  is  still  left  in  the  scnmi  in  the  fonn  known  as 
,.,bumin,    distinguished  from    pamglobulin   among    other 
ten  by  its  being  soluble  in  distilled  water,  and  therefore  not 

uj  methods  ol  dctennination  see  Hoppe-Seyter»  /fdb^  PhytiaU 

i   n-»cd  to  denote  s<>lubl<!!  sabstanccs  of  varied  origin  anri  nature, 
fyVMXTv^  in  unaU  quantiUc«,   and  therefore  requiriiig  to  be  *  cttrecred  '  by 


coMfosixjm 
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«■;  from  4*436  P-  c.  (latibti)  to  ^^677 

Ja  IWOisii  blood  he  fovnd  5  103  p.  c.  pan^iiobiiiin,  uid 

The  fitts,  whicii  ««  scanty,  accpc  after  a  meal  or  tn  certain 
pAtbolo^cal  oondkiocis^  aic  the  nentral  his^  stesrin,  palmitb,  and 
oleto,  with  a  certain  quantity  of  their  respective  alkaline  soaps, 
l^ctfhin  s  and  choJesterin  cxxur  in  very  small  quantities  only. 
Among  the  extractives  present  in  serum  may  be  put  down  all  the 
Ditrogenaus  a«d  other  substances  which  form  the  extractives  of 
the  iKKiy  and  of  food,  such  as  urea,  kreatin,  sugar,  lactic  acid,  v\ 

further  d«Uils  «ee  Appendix. 
vDpeodtz. 

*  M^an^j^'^^'^-  Ph^'^g'  Chfm.,  I.  (1877)  p.  72. 

*  ?mse/%Ar(kix\  xvn.  (1878)  p,  413. 

*  ^o'  delaiiel  accounts  of  the  characters  of  the  sevend  chemical  salKtanoefi 
mctuumcd  M  thit  and  Mccceding  chjkpten  oonsolt  the  Appendix  onder  the 
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v^ry  brj^c  number  of  these  have  been  discovered  in  the  blood 

der  various   circumstances,  the    consideration  of  which   must 

•r  the  present.     The  peculiar  odour  of  blood-serum  is 

tine  to  the  presence  of  volatile  bodies  of  the  tally  acid 

rics.     The   famt  yellow   colour  of  serum  is  due   to  a   special 

How  pigment.     The  most  characteristic  and  important  chemical 

irc  of  the  saline  constitution  of  the  serum  is  the  pri^ponder- 

cc  of  sodium   salts   over  those  of  potassium.      In  this  respect 

the  seruna  oficrs  a  niarktd  comrasl  to   tlie  corpuscles  (see  below), 

i-css  marked,  but  still  striking,  is  the  ubundanc:e  of  chlorides  and 

the  poverty  of  phosphates   in   the    serum  as  compared  with  the 

,,,...,,..  I ^^      -Yht  salts  may  in  fact  briefly  be  described  as  consist- 

)    of  sodium  chloride,   with   small  quantities   of  sodium 

Icsiiuuii.uc,  sodium  sulphate,  sodium  phosphate,  calcium  phosphate, 
kd  magnesmm  phosphate. 
loo 


Composition  of  the  red  corpuscles.     The  corpuscles 
muhi  less  water  than  the  senins.     In  too  parts  of  wet  corpuscles 
icrc  arc  of  Water  565  parts 

Sohds  435     „ 

»e  solifis  are  almost  entirely  organic  matter,  the  inorganic  salts  in 
;scles  amouniing  to  less  than    i  p.  c.     Of  the  organic 
lin  by  far  the  larger  part  consists  of  ha*ntoglobin.     In 
of  the  dried  organic  matter  of  the  corpuscles  of  human 
\c.]]'  found,  as  the  mean  of  two  observations, 

'»in  V^'54  Lecithin  *54 

ibstancos  8O7  Cholesterin  '25 

T*he  '»n  and  properties  of  hocmoglobin  will  be  considered 

in  cui.  ...  ....  with  respiration.     Of  the  proteid  substances  which 

forro  the  stroma  of  the  non- nucleated  red  corpuscles  this  much 

ma^y  },.    ^:.?   that  they  belong  to  the  globulin  family.  The  amount 

of  fi  c  paraglobulin,  and  the  exact  nature  of  the  other 

-    '  >t  mc  group   present,  must  be  considered  as  yet  unde- 

As  regards  the  inorganic  constituents,  the  corpuscles 

'uishcd  by  the  relative  abundance  of  the  salts  of  potas- 

of  phospliaies. 

Lion  of  tnorfjanic  salts  in  blood  may  be  seen  from  the 
I  )5  by  C  Schmidt  of  the  ash  of  pbsma  and  corpuscles 

j<  "'L'  I'rvH  which  belongs  almost  exclusively  to  the  hu^mo- 

^  red  corpuscles  and  exists  in  mere  traces  only  m  the 

flCTtttn  M  ^Usma  being  omitted). 

*  H'jpf»r^y]<ir,  t'ntcnuih^  HI.  390. 

•  M»:rTj^^I'  lin  f    i.!.iir.     4  to  *5  j>.c.  of  Fe,  and  the  qAantity  of  iron  in  the 
blor^i  witl  dcfxriid  uu  Lbc  quantity  of  hjemo^lobiii, 
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In  ioc»  parts  Corpuscles, 
Potassium  chloride    3679 


iulphate 


1^2 


In  1000  parts  Plasma, 
Potassium  chloride        359 
sulphate       'aSi 


„         ph< 

jsphatc 

:a343 

Sodium 

ti 

'633 

Sodium  phosphate 

271 

Calcium 

»> 

'094 

Calcium        „ 

-29fi 

Magnesium 
Soda 

n 

•060 
•341 

Magnesium  „ 

•218 

Sodium  chloride 

5546 

7-282 

8-505 

It  must  be  remembered  that  the  arrangement  of  bases  and  acids  in 
such  an  analysis  is  an  artificial  one,  and  moreover,  that  the  ash  does 
not  represent  the  inorganic  salts  present  in  a  natural  condition  in  the 
blood.  Thus  for  instance,  the  phosphates  in  the  ash  are  largely 
derived  by  oxidation  from  the  phosphorus  present  in  the  lecithin,  and 
the  sulphates  simibrly  from  the  sulphur  of  protcid  substances*  On 
the  other  hand,  carbonic  anhydride  is  absent  from  the  above  table, 
though  carbonates  undoubtedly  exist  in  the  serum.  Free  soda  is  put 
down  as  a  constituent  of  the  ash,  because  in  the  ash  the  bases  pre- 
ponderate over  the  acids  (even  when  carbonic  anhydride  is  reckoned 
with  them) ;  this  alone  shews  how  little  the  salts  of  the  ash  correspond 
to  those  really  pa^sent  in  the  biood,  Amung  the  natural  saline 
constituents  of  serum  may  be  enumerated  sodium  chloride,  calcic 
phosphate,  which  is  enabled  to  exist  in  a  state  of  solution  in  the 
alkaline  blood  by  reason  of  its  being  combined  in  some  way  or  other 
with  the  proteids,  and  sodium  carbonate. 

Composition  of  the  white  corpusclca.  If  it  be  permitted  to  infer 
the  composition  of  the  white  corpuscles  from  that  of  the  pus-cor- 
puscles which  they  so  closely  resemble,  tliey  wouid  seem  to  consist 
of' — 

1.  Several  proteid  substances,  viz.  ordinary  albumin,  an  albumin 
like  that  of  muscle  coagulating  at  48 "^  an  alkali  albumin,  a  substaocc 
closely  resembling  myosin  and  yet  differing  from  it,  and  a  peculiar 
form  of  proteid  material  soluble  with  difliculty  in  hydrochloric  acid. 
The  nuclei  contain  nuclein.     See  Appendix. 

2,  Lecithin,  extractives,  glycogen,  and  inorganic  salts,  there  being 
in  the  ash  a  preponderance  of  potassium  salts  and  of  phosphates  | 
after  the  death  of  the  corpuscle  the  glycogen  appears  to  be  converted 
into  sugar. 

Both  the  corpuscles  and  the  plasma  (or  serum)  contain  gas^. 
These  will  be  considered  in  connection  with  respiration. 

The  main  facts  of  interest  then  in  the  chemical  composition 
of  the  blood  are  as  follows.  The  red  corpuscles  consist  chiefly  of 
haemoglobin.  The  solids  of  scrum  consist  chiefly  of  scmin- 
albuRiini  the  quantity  of  fibrin-factors  and  of  alkaU   albutniiiate 

*  Mieschcr.     Tloppe-Seyler,  UnUntuhuK^n^  IV.  44I. 
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being  small.  The  serum  or  plasma  contrasts  with  the  corpuscles, 
inasmuch  as  the  former  contains  chiefly  chlorides  and  sodium  salts 
while  the  latter  are  richer  in  phosphates  and  potassium  salts.  The 
extractives  of  the  blood  are  remarkable  rather  for  their  number 
and  variability  than  for  their  abundance,  the  most  constant  and 
important  being  perhaps  urea,  kreatin,  sugar,  and  lactic  acid. 

Sec.  3.    The  History  op  the  Corpuscles. 

In  the  living  body  red  blood-corpuscles  are  continually  being 
d«tToyed,  and  new  ones  as  continually  being  produced.  The 
proofs  of  this  are, 

I.  The  number  of  the  red  corpuscles  in  the  blood  at  any 
given  time  varies  much. 

The  number  of  corpuscles  in  a  specimen  of  blood  h  determined 

by  Tnixtnj:  a  small  but  carefully  measured  quantity  of  the  blood  with 

miity  of  some  indifferent  fluid,  and  then  actually  counting 

i-Ies  in  a  known  minimal  bulk  of  the  mixture. 

Thii  jnay  bc  done  either  by  Vicrordt's    plan  (somewhat  modified 

by  GoKirers*),  in    which   a  minimal   quantity  of   the   diluted    blood^t 

measured  in  a  fine  capillary  tube,  is  spread  on  a  surface  marked  out 

in  t4|uare  areas^  and  the  number  of  corpuscles  in  each  square  area 

counted  under  the  microscope,  or  by  Malas^ez^  in  which  the  diluted 

blood  is  drawn  into  a  capillary  tube  of  tlattened  sides,  and  the  number 

rtf  rorpusclcs  countcd   in  siiu  in  the   lube  by   means   of  an  ocular 

-d  out   in  squares,  the  microscope  being  so  adjusted  that  each 

r    I  ii(  the  ocular  corresponds  to  a  certain  capacity  of  the  capillary 

lube. 

T})c  average  number  of   red  corpuscles  in  human   blood  is 

about  5  millions  in  a  cubic  millimetre ;  in  mammals  generally  it 

ranges  from  3   to    18   millions.     The  number  varies  in  different 

\\yn^  of  the  vascular  system,  being  greater  in  the  capillaries  and 

\n&  than  in  the  arteries.     It  is  increased  by  meals,  and 

i  by  fasting  ;  of  course,  the  number  of  corpuscles  present 

►  en  bulk  of  blood  being  merely  the  expression  of  the 

n    of  corpuscles  to   the    amount   of  plasma,   variations 

\'i  number  counted  might  and  in  certain  cases  are  probably 

'1  by  an  increase  or  decrease  in   the  quantity  of    plasma, 

while   the  actual  number  of   corpuscles   is   stationary. 

.   ..    y  of  the  variations  cannot  be   so  accounted  for;   they 

tna^t  bc  due  to  an  increase  or  decrease  of  the  total  number  of 
ccirpuidcs  in  the  body.     After  a  very  targe  reduction  of  the  total 

•  Crmmdnnoir  Fhyswhgt*,  p.  9,  •  Lanta,  1877.  11.  p.  497, 

■  ArekttMi  4i  Fhysioiagit^  1874,  p.  32. 
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Duiuber  of  red  corpuscles,  as  by  baemodrli^e  or  disea^  (anscmta), 
the  normal  propordoa  may  be  regained  eiren  within  a  very  short 
time. 

2.  There  arc  reasons  for  thinking  that  the  urinary  and  bile- 
pigments  are  derivatives  of  haemoglobin.  If  this  be  so,  an 
immense  number  of  corpuscles  must  be  destroyed  daily  (and 
replaced  by  new  ones)  in  order  to  give  rise  to  the  amount  o( 
lirinary  and  bile-pigment  discharged  daily  from  the  body. 

3.  When  the  blood  of  one  animal  is  injected  into  the  vessels 
of  another  {ix.  gr.  that  ot  a  bird  into  a  mamnial)»  the  corpuscles 
of  the  first  may  tor  some  time  be  recognised  in  blood  taken  from 
the  second  ;  but  eventually  they  wholly  disappear.  This  of  course 
is  no  strong  evidence,  since  tlic  destruction  of  foreign  corpuscles 
might  lake  place  even  though  the  proper  ones  bad  a  permanent 
existence* 

Origin  of  the  Rid  C^rpusdes, 

In  the  embryo  red  corpuscles  are  produced, 

1 .  From  metamurphosis  of  certain  mesoblastic  cells  in  the 
vswcular  area, 

9.     By  division  of  the  corpuscles  thus  formed. 

3.     In   a    somewhat   later  stage,   by  the  transformation 
nucleatcd|whitc  corpuscles,  which  probably  arise  in  the  liver  ai 
spleen,   and   pass  thence   into   the   blooi      The   cell-substance 
becomes  impregnated  with  haemoglobinj,  and  the  nucleus  breaks  up 

and  disappears. 

4.  By  the  direct  trahsformation  of  the  protoplasm  of  undiffe- 
rentiated conneciive-iissuc  corpuscles*  the  red  corpuscle  appearing 
first  as  a  minute  speck  in  the  protoplasmic  cell-substance,  and  sub> 
sequenlly  enlarging  very  much  after  the  fashion  of  an  oil-globule. 

In  the  adultf  division  of  existing  corpuscles  is  at  lea&t 
exceedingly  rare,  if  it  occurs  at  all.  In  the  spleen-pulp  small 
nucleated  coloured  corpuscles  have  been  observed  similar  to  those 
met  with  in  the  embryo  ;  transitional  forms,  shewing  the  presence  of 
bsemoglobin  in  the  cell-substance  and  degeneration  of  the  nucleus, 
have  been  seen.  In  the  wide  capillaries  of  the  red  medulla  of 
bones  similar  transitional  forms  have  been  obsencd,  and  thev 
have  also  been  noticed  in  circulating  blood. 

According  to  Alex*  Schmidt,'  in  living  unchanged  bloud  these  lorms 
•re  abuntlam ;  they  break  up  and  disappear^  however,  immcdiaicly 

•  SehAfcTr  -/Vw.  R<iy,  Sec,,  xxij.  243.  ■  CJ^,  cH, 
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Chat  the  blood  is  shed,  unless  special  precautions  (applicatton  of  cold, 
Jbc)  be  used. 

^rora  these  several  facts  it  is  concluded  that  the  red  corpuscles 
jc  orij,nn  from  colourless  nu<jkalcd  corpuscles  similar  to,  if  not 
Icntical  with,  the  ordinary  while  corpuscles  of  the  blood. 

In  the  case  of  animals  with  nucleated  red  corpuscles  the  change 
msi&ls  chiefly  in  a  transformation  of  ihc*  native  protoplasm  of  the 
rhite  coqiusclc  into  haemoglobin  and  stroma.  In  the  case  of  animals 
ith  non  nucleated  red  corpuscles,  mo»t  observers  *  agree  in  the  opinion 
lat  the  nu  leus  of  the  white  corpuscle  breaks  up  and  disappears,  so 
It  the  red  corpuscle  represents  only  the  modified  cell-substance  of  its 
jcnitor.  Wharton  Jones,  supported  by  Huxley,  resting^  chiefly  on 
Pkc  nir.illclism  in  sixe  and  form  between  the  nuclei  of  the  white  cor- 
puscles and  the  entire  red  corpuscles  in  diflTerent  orders  and  families  oi 
mammals,  concludes  that  the  latter  is  in  reality  the  naked  coloured 
nucleus  of  the  former. 

HAycm  ■  describes  the  red  corpuscles  as  arising  from  a  kind  of 

ij" — ' f?  corfjuscle  quite  distinct  from  the  ordinary  white  corpuscles. 

i  which   have  been  overlooked    on  account   of  thcrr  great 

U^;.^i,  ,.  ncy,  and  which  are  as  numerous  or  even  more  numerous 
duui  Che  ordinary  white  corpuscles,  he  proposes  to  give  the  name  of 
kmmaicbiasti. 

There  are  reasons  for  believing  that  not  only  may  the  number 
red   corpuscles   vary»    but   also   the   quantity   of  haenioglobin 
II  in  the  individual  corpuscles  differ  under  diflTerent  circum- 
Malassez  3,  by  comparing  the  tint  of  a  quantity  of  blood 
imbers  of  whose  corpuscles  had  been  estimated,  with  that  of 
ulution  of   picrocarminate  of   amtnonia,  has  been 
t  Lethe  amount  of  haemoglobin   present  in  the  cor- 

under  different  circumstances.      He  finds  that  in  anaemia 
roty  of    the   corpuscles    in    hsemoglobin   is   even    more 
:iiig  than   the   scantiness   of   the  corpuscles,    and  is   sooner 
by  the  administration  of  iron. 

Origin  of  Whke  Corpuscles, 

the  white  corpuscles  are  continually  being  removed  is 

It   from  the  fact   that  they  vary    extremely* in  number  at 

It  times  and  under  various  circumstances.     They  are  very 

increased  by  taking  food,     Thus  during  fasting  tliey  may 

tn  a  drop  of  blood  to  bear  to  the  red  the  proportion  of 

or  looo.     After  a  meal  this  proportion  rises  to  i  in  300 


Kbllikcr,  Ncunninii,  .'^chmidL 
t  JbrtMnKi  df  PHyn^if^gitt  iSyj,  p.  i.     Cf.  also  Hayem,  iHd,  p.  649. 
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The  fact  that  i*  ihe  lymphatic  glands,  and  other  adenoid  structoresj 
corpuscles,  similat  to,  if  not  identical  with  white  blood-corpuscles,  are 
to  be  seen  of  very  various  sizes,  many  with  double  nuclei  and  some 
indeed  actually  dividing  into  two  corpuscles',  suggests  that  these 
ofgans  are  the  birth-places  of  the  white  corpuscles.  The  lymph  is 
continually  pouring  into  the  blood  a  crowd  of  white  corpuscles,  which 
for  the  most  part  make  their  appearance  in  the  lymph-vessels  after  the 
latter  have  traversed  the  lymphatic  glands.  And  this  view  is  further 
supported  by  the  fact  that  in  the  disease  leuchzemia,  where  the  while 
corpuscles  may  be  so  abundant  as  to  number  as  many  as  i  to  lo  red, 
the  spleen,  the  lymphatic  glands,  and  other  forms  of  adenoid  tisstie, 
are  enlarged*  (The  phenoiuena  are  howrever  capable  of  a  converse 
interpretation,  viz,  that  the  white  corpuscles^  failing  to  become  con- 
verted into  red  corpuscles,  are  crowded  into  the  lymphatic  organs). 

At  the  same  time  it  is  open  for  us  to  s^ippose  that  any  proliferating 
tissue  may  give  rise  to  new  corpuscles ;  and  Ivlein  •  states  that  he  has 
seen  them  budded  off  from  the  reticulum  of  the  spleen.  The  white 
corpuscles  have  also  been  observed  to  divide*. 

We  may  conclude  therefore  that  the  white  corpuscles  probably 
arise,  by  division  chielly,  from  the  leucocytes  of  adenoid  tissue, 
but  that  other  sources  may  exist. 


Fate  of  the   WJiite  Corpuscles. 


As  we  have  seen,  it  is  extremely  probable  that  a  large  nam 
of  the  white  corpuscles  end  by  giving  birth  to  red  corpuscles  ;  but 
it  is  also  possible  that  a  not  inconsiderable  number  die  in  the 
blood  and  are  there  broken  up  and  disappear. 

On  the  other  hand  we  know  that  in  an  inflamed  area  the 
white  coq>uscles  migrate  in  large  numbers  into  the  extra  vascular 
portions  of  the  tissues,  and  there  arc  reasons  for  thinking  thai  not 
only  the  pus  corpuscles  and  'exudation  '  corpuscles  which  are  the 
common  products  of  inflammation,  but  even  the  new  tissue 
elements  (connective-tissue  cells  and  fibres,  blood-vessels,  &c), 
which  make  their  appearance  as  the  result  of  the  so-called  'pro- 
ductive *  inflammations,  are  the  descendants,  immediate,  or  renootc, 
of  such  migratory  corpuscles.  But  a  discussion  of  this  question 
would  lead  us  too  far  away  from  the  purpose  of  this  work. 


faP 


Fate  of  the  Red  Corpuscles. 

In  the  spleen  we  find,  as  Kolliker  long  since  pointed 
protoplasmic  cells  in  which  are  included  a  number  of 

*  Ranvicr,  TVaiU ^ kistohgit^  p.  l6l, 

*  Q.  J.  Micros,  Sci.,  XV.  (1875)  p,  J70. 

*  Klein,  Nd6.  Phys,  Lab,,  p.  8, 
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coq)U5d6s  :  and  these  red  corjiusclcs  may  be  observed  in  various 
sliLges  of  apparent  disintegration.  It  is  probable  therefore  that 
"  le  spleen  is  the  grave  of  many  of  the  red  corpuscles. 

Since  scrum  of  fresh  blood  contains  no  dissolved  hemoglobin, 
it  is  clear  thai  the  haemoglobin  of  the  broken-up  corpuscles  must 
speedily  be  transformed  into  some  other  body.  Into  what  other 
body  ?  In  old  blood-clots  (as  in  those  of  cerebral  haemorrhage) 
there  are  fre<.]uently  found  minute  crystals  of  a  body  which  has 
received  the  name  /urmafrndin.  There  can  be  no  doubt  that  the 
keniatoidin  of  these  clots  is  a  derivative  from  the  haemoglobin  of 
the  escaped  blood.  We  know'  that  haemoglobin  contains,  besides 
a  protcul  residue,  a  residue  not  proteid  in  nature,  called  hjeraatin. 
We  know  further  that  haematin  may  lose  the  iron  which  it  contains 
(and  which  appears  to  be  loosely  attached),  and  yet  remain  a 
coloured  body.  So  that  there  is  no  difficulty  io  the  passage  from 
llie  praleid-and-iron  containing  haemoglobin  to  the  proteid-and- 
iron  free  h;cniatoidin.  But  hitmatoidin,  not  only  in  the  form  and 
appearance  of  its  crystals,  but  also,  as  far  as  can  be  ascertained 
by  the  analysis  of  the  small  quantities  at  disposal,  in  its  chemical 
Composition,  is  identical  with  biitrubm^  the  primary  pij^ment  of 
bile.  Moreover,  the  injection  of  hsenioglobin,  or  of  dissolved  red 
coTpustles,  into  the  vessels  of  a  living  animal,  gives  rise  to  a  large 
nount  of  bile-pigment  in  the  urine,  and  at  the  same  time  increases 
►rmously  the  relative  quantity  of  bilirubin  in  ih.*  bile.  Thus 
loitgh  no  one  has  yet  succeeded  in  producing  bilirubin  artificially 
vni  haemoglobin,  facts  point  very  strongly  to  the  view  that  the 
cofpitsclcs  are  used  up  to  supply  bile- pigment. 

ftmtt^t  be  added  however  that,  according  to  Preycr",  the  spectra 

oidin  and  bilirubin  are  quite  distinct,  nnd  that  many  ob- 

vc  f*iiled  to  obtHin  bile*pi|^meiil  in  the  urine  as  the  result  of 

ctiuu  uf  a  solution  of  hscnjoglobin.     Bloo  1-clots  frequently  contain, 

ides  or  in  place  of  hacmatoidtn,  a  yellow  substance  named  lutein^ 

ich  is  certainly  distinct  from  bihnibin.     Lutein  is  the  substance 

lich  gives  to  corporei  lutea  their  characteristic  colour. 

knowle^^rc  of  urinary  pigments  is  so  imperfect  that  little  can 

as  to  their  relation  to  haemoglobin.     VVc  cannot  at  present 

'  ir*'.cc  the  normal  urinary  pigment   back   to   h^mofrjobin, 

probable  such  a  source  may  seem ;  but  Jaffd  finds  in  many 

especially  those   of   fever-patients,   a   body   called   urobilin^ 

*  with  hyiirohitirubin  obtamed  from   bihrubin    by  reduction 

wm  amalgam ». 


*  Sw  Chaiiler  on  Ch^gcs  of  Btood  in  Respiration. 

i  fUijjer'>  Archiv^  XI.  (1875)  p.  r8l, 
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Sec.  4*    The  Quantity  of  Blood,  and  it's  DisTRiBxmoM 

THE  Body. 

The  total  quantity  of  blood  present  in  an  animal  body  is 
estimated  in  the  following  way.  As  much  blood  as  possible  b 
allowed  to  escape  from  the  vessels  ;  this  is  measured  directly. 
The  vessels  are  then  washed  out  with  water  or  normal  saline 
solution,  and  the  washings  carefully  collected,  mixed  and  measured. 
A  known  quantity  of  blood  is  diluted  with  water  or  normal  saline 
solution  until  k  possesses  the  same  tint  as  a  measured  specimen 
of  the  washings.  This  gives  the  amount  of  blood  (or  rather  of 
haemoglobin)  in  the  measured  specimen,  from  which  the  total 
quantity  in  the  whole  washings  is  calculated.  Lastly,  the  whole 
body  is  carefully  minced  and  washed  free  from  blood.  The 
washings  are  collected  and  filtered,  and  the  amount  of  blood  in 
them  estimated  as  before  by  comparison  with  a  specimen  of  diluted 
blood.  The  quantity  of  blood  in  the  two  washings,  together  with 
the  escaped  blood,  gives  the  total  quantity  of  blood  in  the  body. 
Estimated  in  this  way,  tlie  total  quantity  of  blood  in  the  human 
body  may  be  said  to  be  about  ^tli  of  the  body-weight 

There  are  several  sources  of  error  in  the  above  method.  One  is 
that  venous  blood  has  less  colouring  power  than  arterial  blood.  This 
has  been  met  by  Gschcidlen  by  poisoning  the  animal  with  carbonic 
oxide,  by  which  all  the  hicmoglobin  is  reduced  to  one  state,  and  there- 
fore has  throughout  the  same  colouring  power.  The  quantity  of 
haemoglobin  in  the  muscular  tlbre  itselt^  is  a  source  of  error,  but 
probably  a  very  slight  one.  The  difticulty  of  getting  a  clear  infusion 
of  the  minced  tissues  is  more  serious.  According  to  Ranke'  the  total 
blood  in  the  body  of  a  rabbit  amounts  to  ^i^  of  the  body-weight,  in  m, 
dog  to  iVi  ^^  ^  ^^^  ^^  A»  i'*  ^  ^^^S  ^^  is- 

The  blood*  is  distributed  as  follows  in  round  numbers : — 

About  one-fourth  in  the  h^art,  lungs,  large  arteries  and  veil 

>*  ft  tt     if  hver, 

„  „  „     „  skeletal  muscles, 

n  >t  ,,    J,  Other  organs. 

Since  in  the  heart  and  great  blood-vessels  the  blood  is  siraj^ 
in  transit,  without  undergoing  any  great  changes  (and  in  tlielun( 
as  far  as  we  know,  the  changes  are  limited  to  respirator)^  changes), 
it  follows  that  the  changes  which  take  place  in  passing  through  the 
liver  and  skeletal  muscles  far  exceed  those  which  take  place  in 
the  rest  of  the  body. 

•  Blia-vertMluM£t  187 1.  *  Ranke,  ^p.  ciL 
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Ranlce  found  the  distribution  to  be  as  follows. 


RnbbiL 


In  the  Viscera. 

Per  cenr,  of  Per  cent,  of 

To(jit  Blood.  Onsmn  Weight. 

{Living.                  63*4  18*0 

D«ui  and  Rigid.  61-23  206 

59-0  240 


In  the  Carcase. 

Per  cefiU  of  Per  cent,  of 

T*'Ul  Uloxl.  Orfiiui  W«isht. 

36*6  27 

3877  37 

41*0  34 


In  the  various  organs  of  the  rabbit 

Per  cent,  of  Total  BJood. 

Spleen  ....     *  '23 

l^r;fcio  and  Cord      .  1*34 

iKiJncjs    ....  1*63 

[Skm 2  10 

Intestines.    .    ,    ,  6-30 

liones,  &c,     .     .     .  8  24 

Hnri,  Lungs,  Gfeat 

Bloi id' vessels.     .  2276 

Skeletal  Muscles    .  29'io 

Livrr  .      .    2930 


Per  cent,  of  Onpui  Weight. 


Skin 

Bones.  .  .  . 
AK  Cannl  .  , 
Muscles  ,  .  . 
Brain  and  Cord 
Kidney  .  .  . 
Spleen  .  .  . 
Liver  .... 
(Heart,  Lungs,  and 
Great  Vessels     . 


107 
236 
3*46 

5*53 
ir86 
12*50 
3871 

631  iX 
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CHAPTER  IL 

THE  CONTRACTILE  TISSUES. 

The  greater  number  of  the  mo  vera  en  ts  of  the  complex  animal 
body  are  carried  on  by  means  of  the  skeletal  striated  muscles,  A 
skeletal  muscle  when  subjected  to  certain  influences  contracts,  i,€, 
shortens,  bringing  its  two  ends  nearer  together;  and  the 
shortening  acting  upon  various  bony  levers  or  by  help  of  other 
mechanical  arrangements,  produces  a  movement  of  some  part  of 
the  body.  The  striated  tissue  of  which  the  skeletal  muscles  are 
composed  is  the  chief  contractile  tissue.  The  peculiar  muscular 
tissue  of  the  heart  is  another  contractile  tissue ;  under  certain  in- 
fluences the  fibres  into  which  it  is  arranged,  shorten  and  thus  give 
rise  to  the  beat  of  the  heart.  A  similar  shortening  or  contraction 
of  the  fusiform  fibre  cells  of  plain  muscular  tissue,  gives  rise  to 
movements  or  to  changes  of  calibre,  &c.,  of  the  alimentary  canal, 
the  urinary  bladder,  the  uterus,  the  arteries,  and  the  like* 

At  first  sight  *  contraction  *  of  any  one  of  these  forms  of, 
differentiated  muscular  tissue  seems  wholly  unlike  an  amceboid 
movement  of  an  amoeba  or  of  a  white  cor|:>uscle  of  the  blood. 
And  yet  the  transition  from  the  one  to  the  other  is  very  slight.  A 
typical  amoeba  may  be  regarded  as  spherical  in  form,  and  when  it| 
is  executing  its  movements  the  pseudopodic  bulging  of 
protoplasm  may  be  seen  to  occur  now  on  this  now  on  that  part 
its  circumference  and  to  take  now  this  and  nosv  that  direction. 
The  fibre  cell  of  plain  muscular  tissue  is  a  nucleated  proto- 
plasmic mass  of  a  distinctly  fusiform  shape,  and  when  it  executes 
its  movements,  i.e,  contracts,  the  bulging  of  its  protoplasm  ta| 
always  a  lateral  bulging  in  a  direction  at  right  angles  to  the  long 
axis  of  the  fibre  cell.  Since  as  we  shall  see  there  is  no  change  of 
total  bulk,  this  thickening  of  the  fibre  by  means  of  the  lateral 
bulging  is  necessarily  accompanied  by  a  shortening  of  its  length. 
The  contraction  of  muscular  tissue  is  in  fact  a  limited  and  definite 
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amoeboid  movement  in  which  intensity  and  rapidity  arc  gained  at 
the  expense  of  variety* 

Besides  these  tnovements  which  are  carried  out  in  the  body  by 
means  of  differentiated  muscular  tissue,  there  are  others  brought 
about  by  the  peculiar  structures  known  as  cilia,  among  which  we 
may  include  the  motile  tails  of  spt* rmatozoa  ;  and  ordinary  amce- 
b*>id  movements  are  not  wanting,  bting  conspicuously  shewn  by 
the  so-called  migrating  cells.  We  may  include  both  these  under 
the  heading  of  contractile  tissues. 

Of  all  these  various  forms  of  contractile  tissue  the  skeletal 
striated  muscles,  on  account  of  the  more  complete  development 
of  their  functions,  will  be  better  studied  first ;  the  others,  on 
account  of  tlieir  very  simplicity,  are  in  many  respects  less  satis- 
factorily understood 

All  the  ordinary  striated  skeletal  muscles  are  connected  with 
nerves.  We  have  no  reason  for  thinking  that  their  contractility  is 
called  into  play,  under  normal  conditions,  otherwise  than  by  the 
agency  of  nerves. 

Muscles  and  nerves  being  thus  so  closely  allied,  and  having 
besides  so  many  properties  in  common,  it  will  conduce  to  clear- 
ness and  brevity  if  we  treat  them  tpgether. 

Sec.  I.     The  Phenomena  of  Muscle  and  Nerve, 
Muscular  and  Nen*ous  Irritability, 

The  skeletal  muscles  of  a  frog,  the  brain  and  spinal  cord  of 
which  have  been  destroyed,  do  not  exhibit  any  spontaneous  move- 
ments or  contractions,  even  though  the  nerves  be  otherwise  quite 
intact  Left  untouched  the  whole  body  may  decompose  without 
any  contraction  of  any  of  the  muscles  having  been  witnessed. 
Neither  the  skeletal  muscles  nor  the  nerves  distributed  to  them 
possess  any  power  of  automatic  action. 

If  ho^vever  a  muscle  be  laid  bare  and  be  more  or  less  violently 
disturbed,  if  for  instance  it  be  pinched,  or  touched  with  a  hot 
wire,  or  brought  in  contact  with  certain  chemical  substances,  or 
subjected  to  the  action  of  galvanic  currents,  it  will  contract  when- 
ever It  is  thus  disturbed.  Though  not  possessing  any  automatism, 
the  muscle  is  (and  continues  for  some  time  after  the  general  death 
of  the  animal  to  be)  irritabU,  Though  it  remains  quite  quiescent 
when  left  untouched,  its  powers  are  then  dormant  only,  not 
absent.  These  require  to  be  roused  or  'stimulated'  by  some 
change  or  disturbance  in  order  that  tliey  may  manifest  themselves. 
The  substances  or  agents  which  are  thus  able  to  evoke  the 
Mlivity  of  an  irritable  muscle  are  spoken  of  as  stimuli. 
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But  to  produce  a  contraction  m  a  muscle  the  stimulus  need 
not  be  applied  directly  to  tlie  muscle ;  it  may  be  applied  indirectly 
by  means  of  the  nerve,  1  Ims  if  the  trunk  of  a  nerve  be  pinch< 
or  sul)jecied  to  sudden  heat,  or  dipped  in  certain  chemical  sub-' 
stances,  or  acted  upon  by  various  galvanic  currents,  contractioDi 
are  seen  in  the  muscles  to  which  branches  of  the  nerve 
distributed. 

The  nerve  like  the  muscle  is  irritable,  it  is  thrown  into  a  state" 
of  activity  by  a  stimulus ;  but  unlike  the  muscle  it  docs  not 
itself  contract.  The  changes  set  up  in  the  nerve  by  the  stimulns| 
are  not  visible  changes  of  form  ;  but  that  changes  of  sonic  kinti 
or  other  are  set  up  and  propagated  along  the  ntrve  down  to  the 
muscle  is  shewn  by  the  fact  that  the  muscle  contracts  w^hen  a  part_ 
of  the  nerve  even  at  some  distance  from  itself  is  siimulaK 
Both  nerve  and  muscle  are  irritable,  but  only  the  muscle  is  coi 
tractile,  i.i.  manifests  its  irritability  by  a  contraction,  IhQ  ner^'C 
manifests  its  irritability  by  transmitting  along  itself*  without  any 
visible  alteration  of  form,  certain  molecular  changes  set  up  by  the 
stimulus.  We  shall  call  these  changes  thus  propagated  along  a 
nerve,  *  nervous  impulses'. 

We  have  stated  above  that  the  muscle  is  irritable  in  the  sense 
that  it  may  be  thrown  into  contractions  by  stimuli  applied  direciJy 
to  itself.  But  it  might  fairly  be  urged  that  the  contractions  so 
produced  are  in  reality  due  to  the  fact  that,  although  the  stimulus 
is  apparently  applied  directly  to  the  muscle,  it  is,  after  all,  the 
fine  nerve-branches,  so  abundant  in  the  muscle,  which  are  actually 
stimulated.  The  following  facts  however  go  far  to  prove  that  the 
muscular  fibres  themselves  are  capable  of  being  directly  stimulated 
without  the  intervention  of  any  nerves.  When  a  frog  (or  other 
animal)  is  poisoned  with  urari,  the  nerves  may  be  subjected  to 
the  strongest  stimuli  without  causing  any  contractions  in  the 
muscles  to  which  they  are  distributed :  yet  even  ordinary  stimuli 
applied  directly  to  the  muscle  readily  cause  contractions.  If 
before  introducing  the  urari  into  the  system,  a  ligature  be  passed 
underneath  the  sciatic  nerve  in  one  leg,  for  instance  the  right,  and 
drawn  tightly  round  the  whole  leg  to  the  exclusion  of  the  nerve» 
it  is  evident  that  the  urari  when  injected  into  the  back  of  the 
animal,  will  gain  access  to  the  right  sciatic  nerve  above  the 
ligature,  but  not  below,  while  it  will  have  free  access  to  the  whole 
left  sciatic.  If,  as  soon  as  the  urari  has  taken  effect,  the  two 
sciatic  nerves  be  stimulated,  no  movement  of  the  left  leg  will  be 
produced  by  stimulating  the  left  sciatic^  whereas  strong  contractions 
of  the  muscles  of  the  right  leg  below  the  ligature  will  follow 
stimulation  of  the  right  sciatic,  whether  the  nerve  be  stimulated 
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»vc  or  below  the  ligature.  Now  since  the  upper  parts  of  both 
iatics  are  equally  ex[)osed  to  the  action  of  the  poison,  it  is  clear 
ut  the  failure  of  the  left  nerve  to  cause  contraction  is  not 
ttributable  to  any  rhange  having  taken  place  in  the  upper  portion 
the  nerve,  else  why  should  not  the  right,  which  has  in  its  upper 
ion  been  equally  exposed  to  the  action  of  the  poison,  also 
rtl?  Evidently  the  poison  acts  on  same  ports  of  the  nerve 
iwer  down.  If  a  single  muscle  be  removed  from  the  circulation 
>y  ligaturing  its  blood-vessels),  previous  to  the  poisoning  with 
"wrari,  th.al  muscle  will  contract  when  any  part  of  the  nerve  going 
to  it  is  stiinubted,  though  tio  other  muscle  in  the  body  will  con- 
tract when  its  nerve  is  stimulated.  Here  the  whole  nerve  right 
down  to  the  muscle  has  been  exposed  to  the  action  of  the  poison  ; 
*nd  yet  it  has  lost  none  of  its  power  over  the  muscle.  On  the 
other  hand,  if  the  muscle  be  allowed  to  remain  in  the  body,  and 
so  be  exposed  to  the  action  of  the  poison,  but  the  nerve  be 
divided  high  up  and  the  lower  part  connected  with  the  muscle 
gently  lifted 'up  and  kept  separate  from  the  rest  of  the  tissues 
<vf  ihc  b<jdy  before  the  urari  is  introduced  into  the  system,  so  as 
protected  from  the  influence  of  the  poison,  it  is  found  that 
1  "M»n  of  the  nerve  produces  no  contractions  in  the  musdc, 
imuli  applied  directly  to  the  muscle  at  once  cause  it  to 
.  CH  Liauu  From  these  facts  it  is  clear  that  urari  poisons  the  ends 
of  the  nerve  within  the  muscle  long  before  it  aflfects  the  trunk^and 
it  IS  exceedingly  probable  that  it  is  the  very  extreme  ends  of  the 
(possibly  the  end-plates,  for  urari  poisoning,  at  least  when 
»d«  causes  a  slight  but  yet  distinctly  recognisable  effect  in 
licroscopic  apjjearance  of  these  structures^)  which  are 
The  phenomena  of  urari  poisoning  therefore  go  far  to 
that  muscles  are  capable  of  being  made  to  contract  by 
■  1  directly  to  the  muscular  fibres  themselves;  and 
[  facts  which  support  this  view. 

question   of  'independent   muscular   irritability'  was  once 

[hi  to  be  of  importance.     In  old  times,  the  swelling  of  a  muscle 

contraction  was  held  to  be  caused  by  the  animal  spirits  de^iccnd- 

-    '     '   '  f;j  the  ner\es  ;  and  when  the  doctrine  of  'spirits*  wus 

^  still  taught  that  tlie  vital  activity  of  the  muscle  was 

owed  upon  it  by  the  action  of  the  nerve,  and  not  pro- 

p&i)  4  to  itself.     We  owe  to  Haller  the  establishment  of  ibc 

i^^'.T  onlniction  of  a  muscle  is  a  manifestation  of  the  muscle's 

cited  it  may  be  by  nervous  action,  but  not  caused  by  it. 

jf  the  muscle  as  possessmg  a  vis  imiia,  while  he  called 

tlie  bcrvuu*  action,  which  excites  contraction^  the  vis  nervosa.     lie 

'  %SMe^  UnUrtmk.  nysi9i^  Inst,  HHdelherg,  Bd.  II.  (1S78)  p.  \%^, 
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used  the  word  irritability  as  almost  synonymous  with  contraciility,  n 
meaning  which  is  still  adopted  by  many  authors.  In  this  work  we 
have  used  it  in  the  wider  sense,  first  employed  by  Glisson,  which  in- 
dudes  other  manifestations  of  energy  than  the  change  of  form  which 
constitutes  a  contraction.  Since  Haller's  time,  the  question  whether 
muscles  possess  an  independent  irritability  has  shifted  its  ground  ;  it 
now  means,  not  whether  muscles  are  irritable  or  no,  but  simply 
whether  their  irritability  can  be  called  into  action  in  other  ways  than 
by  the  mediation  of  nerves.  In  addition  to  the  urari  argument  lust 
described,  we  may  state  that  portions  of  muscular  fibres,  entirely  acs* 
litute  of  nerves,  such  as  the  lower  end  of  the  sartorius  of  the  frog,  may 
be  stimulated  directly  with  contractions  as  a  result  ;  that  the  chemicil 
substances  which  act  as  stimuli  when  applied  directly  to  rausdes, 
differ  somewhat  from  those  which  act  as  stimuli  to  nerN^cs,  and  lastly^ 
that  a  portion  of  muscle-fibre  quite  free  from  nerves  may  be  seen  under 
the  microscope  to  contract.  In  the  succeeding  portions  of  this  work 
abundant  evidence  will  be  afforded  that  the  activity  of  contractile 
protoplasm  is  in  no  way  essentially  dependent  on  the  presence  of 
nervous  elements. 


TTt^  Pfunomena  of  a  Simple  Muscular  Contraction^ 

If  the  far  end  of  the  nerve  of  a  tnuscle*ner\e  preparation 
gastrocnemius  for  instance  of  the  frog  with  the  attached  acttlic 
nerve  dissected  out),  Figs,  i  and  2,  be  laid  on  the  electrodes  of 
an  inductioD- machine,  the  passage  of  a  single  induction-shoclc 
(either  making  or  breaking)  will  produce  no  visible  change  in  th« 


^Kk*  •»  TI»r  miivlfT  nerve  rtrrpnrrtlion  c*f  Fig-  »,  wiih  ihe  damp.  eU 
holder,  rue  licrr  iiIkwii  oti  a  Urijrr  scile,  'I  lie  IcUen  as  in 
electrode -holder  tiifurvd  U  a  conveuicnt  one  for  |{«nenU  puipotr^ 
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It  the  muscle  will  give  a  short  sharp  contraction,  i,/.  wil 
istant  sJiorten  itself,  becoming  thicker  the  while,  and  then 
its  previous  condition.     If  one  end  of  the   muscle  be 
to  a  lever,  while  the  other  is  fixed,  the  lever  will  by  its 
(lent  indicate  the  extent  and  duration   of  the   shortening. 

tint  of  the  lever  be  brought  to  bear  on  some  rapidly 
surface,  on  which  it  leaves  a  mark  (being  for  this 
le  armed  with  a  pen  and  ink  if  the  surface  be  plain  paper, 
^  a  bristle  or  needle  if  the  surface  be  smoked  glass  or 
so  long  as  the  muscle  remains  at  rest  the  lever  wilJ 
an  even  line.  When,  however,  a  contraction  takes  place, 
a  single  induction-shock  is  sent  through  the  nerve,  some 
re  as  that  shewn  in  Fig.  3  will  be  described,  the  lever 


»   A  MvscxjE^crnvK  obtained  bv  hbaits  or  rm  Pimdvlvm  UvoasArH. 
To  be  r&id  from  left  to  richt.. 

Htomcnt  ai  which  ibe  induccion-ikhcick  it  lent  into  the  nerve,    j  the 
c  the  maxiinum,  and  d!  the  cltMc   of  ihc  conlj^ctioD.    lite  two  smaller  corvu 
ling;  the  Urgcr  one  are  due  lo  osdUatiotis  of  the  lever. 

t  muscle  HOI  rve  is  the  curve  drawn  by  a  tuiung^^ork  making  iflo  double  vifaratiotM 
»<h  (.Oiiirl>:t«  curve  represeatinr  therefore  jfa  of  a  iecood.  It  «rill  be'obMrvwl 
II*  of  the  oiyognph  va*  traTelTiiii;  more  raptdly  towards  the  dove  than  at  the 
f  the  contraction,  a»  ikhewn  by  the  greater  leocth  ni  the  vibratioiKurvcs. 

ith  the  shortening  of  the  muscle,  and  descending  as  the 
returns  to  its  natural  length.  This  is  known  as  the 
i<urve.'  In  order  to  make  the  *  muscle-curve  *  complete, 
essary  to  mark  on  the  recording  surface  tht;  exact  time  at 
c  induction-shock  is  sent  into  the  nerve,  and  also  to  note 
ed  at  which  the  recording  surface  is  travelling.  These 
best  effected  by  means  of  the  pendulum  myograph, 


I  instrument  a  smoked  glass  plate,  on  which  a  lever  writes. 

ith  a  pendulum.    The  pendulum  with  the  glass  pktc  attached 

bed   up,   is  suddenly  let   go.     It  swings   of  course  to   the 

fe  side,  the  glass  plate  travels  through  an  arc  of  ,-i  circle,  and^ 
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Fi(^  4>    Ihff  fijiurt  u  duijjniinmiiiic,  the  csiMuitiaii  only  of  the  imtruBient  belhc  hhewa.   TIm 


n  the   "  >eoi)ndi  "   peRilulum  B  by  meuu  of  carefulljr  adjaited 

by  which  the  gliw  pLitt  can  be  removed  and  replacrd  »t 

i  ab-".*  ptaie  i*  ajTitiijtd  that  (he  fine  gJas»  pbtc  may  he 

<  riK;:  ihv  lowing  of  the  pendulum  u  aUo  oiatrted.      Bcl'ore 

'11  is  niaMxl  up  (m  the  %ure  to  the  nght).  A.od  is  kept 

u  the  tiinngH:3>ich  A      <;>n  depr«»iag  the  catch  ^  ihc 

•^  posiiton  tndicaitd  by  the  doited  kne«,  and  n  held  in 

the  caitch  t'.     In  the  courtc  of  tt«  cvrtng  the  tooth  jt' 

ieel  rod  f,  knocks  it  oq  one  side  into  the  paijiinn 


ri>d  f  U  »n  electric  continuity  Mdth  the  wire 

a-fliodimi;.     The  screw  d  u  smilarly  in  electric  •  lU 

.)*Ty  coiL     The  M:rew  </and  the  rod  «  Aie  annrd  wi  t 

'1'  in  contact,  ukI  both  an  iiMuUted  by  meani  uf  ih>.  L 

-•net  the  circait  of  the  pnmary  coil  to  whi   ]j  ^      l  ,        ;  n^ 

i.i«>th  •»'  knocks  f  away  from  i/,  at  that  n:  •.;    ir  lic  n      u   .« 

i^  icol  through  the  cl<,*ctrod<^  comHxicrl    >i    i  i  -y 

.■h  the  i»efve.     The  lever  /,  the  end  only     i  •  rj 

n  the  glasi  plate,  and  when  ^  ml  dc^<jri  > 

,u-  of  lafxc  ndius.     'l1ie  tuning^fork/t  the     iv  i.i 

.  luch  aire  :ih<c  w^a  in  the  figure  placed  immetliiucry  below  the  Iev\:r.  tcrvc^  t« 


.^  stationary,  the  i>oint  of  the  lever  describes  an  arc  on 

The  rate  at  which  the  glass  plate  travels,  iV«?.  the 

line  >i  KiKUi  lor  the  lever-point  to  describe  a  line  of  a  given  length  on 

kc  glass  plate,  may  be  calculated  from  the  length  of  the  pendulum, 

It  it  is  simpler  and  easier  to  place  a  vibrating  tuning-fork  immc- 

tcly  tinder  the  point  of  the  lever.     If  the  vibrations  of  the  tunin^- 

■karcknown,  then  the  number  of  vibrations  which  are  marked  on  the 

fe  between  any  two  points  on  the  line  described  by  the  lever  gives 

tkme  t'tken  by  the  lever  in  passing  from  one  point  to  the  other. 

eA%y  arrangement  permits  the  exact  time  at  which  the  shock  is  sent 

irotipi^h  the  nerve  to  be  marked  on  the  line  of  the  lever.    To  avoid 

aiarkings  on  the  plate  the  pendulum  after  describing  an  arc 

'jy  a  spring  catch  on  the  opposite  side. 

A  complete  muscle-^urve,  such  as  that  shewn  in  Fig.  3,  taken 
the  gastrocnemius  of  a  frog,  teaches  us  the  following  facts ; 

t.    Thai  although  the  passage  of  the  induced  current  from 
•rode    to   electrode    is    practically   instantaneous,   its    effect, 
iTc^i  from  the  entrance  of  the  shock  into  the  nerve  to  the 
of  the  muscle  to  its  natural  length  after  the  shortenings 
an  appreciable  time.     In  the  figure,  the  whole  curve  from 
[>  about  the  same  time  as  eighteen  double  vibrations 
!orL     Since  each  double  vibration  represents  Ywjf  of 
a.  .^cwiiil,  the  duration  of  the  whole  curve  was  ^  sec. 

a.     In  the  first  portion  of  this  period,  from  a  to  fi,  there  is  no 
irttible  dumge,  no  shortening  of  the  muscle,  no  raising  of  the 

3-     It  U  not  until  ^,  that  is  to  say  after  the  lapse  of  ^  t\e,  about 

too 

/f  tea  di«l  the  shortening  1>cgins.  The  shortening  as  shewn  by 
tie  ciinre  if  at  first  alow,  but  soon  becomes  more  rapid,  and 
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about  ^ 


then  slackens  again  until  it  reaches  a  maximum  at  ^/  the  whole 
shortening  occupying  about  ^  sec 

4.  Arrived  at  the  maximum  of  shortening,  the  muscle  fX 
once  begins  to  relax,  tlie  lever  descending  at  firet  slo^vly^  then 
very  rapidly,  and  at  last  more  slowly  again,  until  at  d  the  muscle 
has  regained  its  natural  length ;  the  whole  return  from  the 
maximum  of  contraction  to  the  natural  length  occupying  -^^  id, 
sec 

Thus  a  simple  muscular  contraction,  a  simple  spasm  as  it  if 
sometimes  called,  produced  by  a  momentary  stimulus,  such  as  an 
instantaneous  induction-shock,  consists  of  three   main    phases : 

1.  A  phase  antecedent  to  any  visible  alteration  in  the  musdCt 
This  phase,  during  which  invisible  preparatory  changes  are  taking 
place  in  the  nerve  and  muscle,  is  often  called  the  *  latent  period.* 

2.  A  phase  of  shortening  or  contraction,  more  strictly  so 
called. 

3.  A  phase  of  relaxation  or  return  to  the  original  length. 

In  the  case  we  are  considering,  the  electrodes  are  supposed  to 
be  applied  to  the  nerve  at  some  distance  from  the  muscle.  Cod* 
sequently  the  latent  period  of  the  curve  comprises  not  only  the 
preparatory  actions  going  on  in  the  muscle  itself,  but  also  the 
changes  necessary  to  conduct  the  immediate  effect  of  the  induction- 
shock  from  the  part  of  the  nerve  between  the  electrodes,  along  a 
considerable  length  of  nerve  down  to  the  muscle.  It  is  obvious 
that  these  latter  changes  might  be  eliminated  by  placing  the 
electrodes  on  the  muscle  itself  or  on  the  nerve  close  to  die  musde; 


^<^v\rv>^\/*,^s/\y\/^ 


Fia.   5.      COEVK  ILLUSTRATIKC  THR  MKA5VBKMBHT    OP    TMB    VbLOCITT  Or  A   N  ttJrVQOS 

iMfVLSS.    (DiagraniCDaUc-)    To  be  read  from  left  10  light. 

The  ««nw  musde-Qcn'c  preparation  »  stimutntcd  (i)  as  far  as  pov^ible  from  iHe  tnuicte.  ((} 
AM  near  ai  potUble  to  the  muv:]e  ;  boih  coniracUotw  Are  rcjji&tered  by  tlie  pcndulubi 
myogniphiun  cxacfly  in  the  iAmt  way. 

Jti(i)  ihe  slittiiilui  enters  the  nerve  at  the  time  indicated  by  the  line  tf,  the  ctmtra^Myn, 
thewn  vij  the  dutted  line,  begips  at  ^;  the  whole  latent  period  therefor*  b  iodicaieJ  by  lb* 
dbtaocc  from  a  %o  b'. 

In  (a)  the  stimulus  enters  the  Denre  ai  exaetly  the  suae  tim*  «  ;  the  cootnM'en,  sltcwa  by 
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lixve^  begio.'s  At  />;  the  Uteiit  period  Uierefore  b  iAdicated  by  lue  dutunc« 


Lrn  tip  )\y  (he  mervitu*  impulse  (n  [mmdng  aloog:  the  length  of  nenre  iM^wven  t 

-^   '   '  ~    -'  by  ihe  di^lanoc  hetw«<ii  ^und  6',  which  may  he  fneMurr4  hy  the 

H. B.— No  VTtlutf  is  givrn  in  the   figure  for  ihc  «'ibratir>n»  of  lh« 

ire  is   diAgramoiiuic,   ikc  diKiAiicc    between    ihc  (wo  curvcit  *^ 

>   uic   i-n^i'.i   of  either,  having  been  putpo^ly  e>mgeratcd   for   the.  sake  of 


II  tnis  were  done,  the  muscle  and  lever  being  exactly  as  before, 

•nd  care  were  taken  that  the  induction-shock  entered   into  the 

at  the  new  spot,  at  the  moment  when  the  point  of  the  lever 

reached  exactly  the   same  point  of  the   travelling  surface  as 

',  a  curve  like  that  shewn  by  the  plain  line  in  Fig.  5  would 

med.     It  resembles  the  first  curve  (indicated  in  the  figure  by 

a  dotted  line)   in  all   points,  except    that    the  latent  period  is 

shortened  ;  the  contraction  begins  rather  earlier.     From  this  we 

Icaxn  two  facts : 

1.  The  greater  part  of  the  latent  period  is  taken  up  by  changes 
in  the  muscle  I'tsclf,  preparatory  to  the  ac  tual  visible  shortening,  for 

vo  latent  periods  do  not  differ  much.     Of  course,  even  in  the 

d  case,  the  latent  period  includes  the  changes  going  on  in  the 
piece  of  nerve  still  lying  between  the  electrodes  and  the 

iilar  fibres.  To  eliminale  this  with  a  view  of  determining  the 
latint  period  in  the  muscle  itself,  the  electrodes  should  be  placed 
ci;rcctK'  on  the  muscle  poisoned  with  urari.  If  this  were  done,  it 
n-t'ulii  still  be  found  that  the  latent  period  was  chiefly  taken  up  by 

gcA  m  the  muscular  as  distinguished  from  the  nervous  dements. 

9,     Such  difference  as  does  exist  indicates  the  time  taken  up 

the  propagation,  along  the  piece  of  nerve,  of  the  changes  set 

at  the  far  end  of  the  nerve   by  the   induction-shock.     These 

longes  we  slmll  hereafter  speak  of   as    constituting  a  nervous 

ipulse  ;  and   the  above  experiment  shews  that  it  takes  some  ap- 

?ciable  time  for  a  nervous  impulse  to  travel  along  a  nerve.     In 

figure    ihc  difference  between    the    two   latent   periods,  the 

KC  between  ^  and  ^',  seems  almost  too  small  to  measure 

:ly;  but  if  along  piece  of  nerve  be  used  for  the  experi- 

and  the  recording  surface  be  made  to  travel  very  fast,  the 

ICC  between   the   duration   of  the   latent  period  when  the 

m -shock  is  sent  in  at  a  point  close  to  the  muscle,  and  that 

it  is  sent  in  at  a  point  as  far  away  as  possible  from  the 

may  he  satisfactorily  measured  in  fractions  of  a  second. 

'.crve  between  the  two  points   be    accurately 

at  which  a  nervous  impulse  travels  along  the 

*  le  can  be  easily  calculated     This  has  been  found 

og  about  a8,  and  in  man  about  33  metres  per  second 
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Thus  when  a  momentary  stimulus,  such  as  a  single  indu< 

I  wiih  a  musde,  the  follo! 


shock,  IS  sent  mto  a  nerve  connc 
events  take  pUce : 

I,  The  generation  at  the  spot  stimulated  of  a  nervous  impulse, 
and  the  propagation  of  the  impulse  along  the  ner\'e  to  the  musdeu 
The  time  taken  up  by  this  varies  according  to  the  length  of  the 
nerve.     For  the  same  lengtli  of  nerve  it  b  tolerably  constanL 

a.  The  setting  up  of  certain  molecular  chsinges  in  the  muscle^ 
unaccompanied  by  any  visible  alteration  in  its  form,  constituting 
the  latent  period,  and  occupying  on  an  average  about  y^th  sec 
The  time  taken  up  by  the  latent  period  varies  somewhat  acconding 
to  circumstances. 

3.  The  shortening  of  the  muscle  up  to  a  maximum,  occupying 
about  -j-J^sec. 

4,  The  return  of  a  muscle  to  its  former  length,  occupying 
about  -f^sea  Both  these  last  events  vary  much  in  duration 
according  to  circumstances'. 

Titanic  Contradiotis. 

If  a  single  induction-shock  be  followed  at  a  sufficiently  short 
interval  by  a  second  shock  of  the  same  strength,  the  first  simple 
contraction  or  spasm  will  be  followed  by  a  second  spasm,  the  two 
bearing  some  such  relation  to  eacJi  other  as  that  shewn  by  the 
curve  in  Fig.  6,  where  the  interval  between  the  two  shocks  was 
just  long  enough  to  allow  the  first  s{>asm  to  have  passed  its 
maximum  before  the  latent  period  of  the  second  was  over.  It 
will  be  observed  tiiat  the  second  curve  is  almost  in  all  nsptM-ts 


Fio.  6.    TftAaNQ  or  a  Doublk  Muscui  Curve.    To  be  wad  from  left  to  riifhe. 
Wlnlethe  nrasck  •  wu  eoKaged  in  the  first  contraction  (whos«  complete  cour**,  hftJ 
tiUcTKiwd,  u  mdicsted  by  the  dotted  line),  a  lecond  inductioMhock  w«  ihrawn  in. 
a  time  that  the  secood  cvotractioo  bcgttn  just   as  the  firjt  was  bcginnlog  to  ikdiaeh     T&B 


iLoe  to  dn 
curvo  la  ceeo  to  start  from  the  first,  as  doe*  tb*  £i^t  from  the  bouc-Tiae. 

•  The  measurements  here  stated  are  those  ordinarily  given.  The  corre 
diCKribcd  in  the  previous  text  happened  to  have  a  rather  long  latent  pericxl,  and 
the  lengtheninEto  be  of  shorter  instead  of  lon^ier  duration  than  the  shrrtt^niiif. 
'  •  hi  i!ii^  and  the  other  curves  of  this  section  the  tracings  fieuced  were  " 
WKi^m/ri*^  t  muscle. 
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'ike  tKc  first  except  that  it  starts^  so  to  speak,  from  the  first  curve 
instcat)  of  from  the  base  line.  I'he  second  nervous  impulse  has 
a^t^d  on  the  atrciidy  contracted  muscle,  and  made  it  conrract 
o^atn  just  as  it  wuuld  have  done  if  there  had  been  no  first 
ipuisc,  and  the  muscle  had  been  at  rest.  The  two  contractions 
adiicd  together  and  the  lever  raised  nearly  double  the  heig))l 
it  Winild  have  been  by  either  alone.  A  more  or  less  similar  resiili 
would  occur  if  the  second  contraction  began  at  any  other  phase 
of  the  first.  The  combined  effect  is,  of  course,  greatest  when  tl>c 
srrond  contraction  be^jins  at  the  maximum  of  the  fin*t,  being  less 
i  before  and  aficrwards.  If  in  the  same  way  a  third  shock, 
loiiuws  the  scconci  at  a  sufficiently  short  interval,  a  third  curve 
is  piled  oD  the  lop  of  ihe  second  The  same  with  a  fourth,  and 
so  on. 

When  howcv<*r  repeated  shocks  are  given  it  is  found  that  the 

'    ! jin  of  each  contraction  is  rather  less  than  the  preceding  one, 

rhi^  diminution  becomes  more  marked  the  greater  the  number 

,     Hence,  after  a  certain  number  of  shocks,  the  succeed- 

Ises  do  not  cause  any  further  shortening  of  the  muscle, 

ly  iunher  raising  of  the  lever,  but  merely  keep   up    the   con- 

raciion  already  existing.     The  curve  thus  reaches  a  maximum, 

lich  it  maintains,  subject  to  the  dcjjressing  effects  of  exhaustion 

long  as  the  shocks  are   repeated.     When  these   cease    to   be 

[ivcn,  the  muscle  returns^  in  the  usual  way,  at  first  very  rapidly, 

id  then  more  slowly,  to  its  natural  length.     When  the  shocks  do 

rt  succeed  each  other  loo    rajiully,  the  individual  contractions 

ly  readily  be  traced  aloni;  the  whole  cun-e,  as  is  set-n  in  Fig.  7, 


il^*^^MrfMM^y^Bi*«Ad^^*J^^^ 


.^ i 


riinowf*   iwro  TrrA>tus.   wHmt  t«»   Pmmjl«t    Couvort  ow  Am 
I  acii>n»   1%   imriu-riiJi.v    ■ttutcm   at  iimwTALS   or  «xtkbii    im    a 


Tig.  7.  The  upper  tizte  is  that  described  by  the  muscte.    The  lowc^r  marks  time,  the 
between  tbo  clevatiom  mdickting  secoitdt.     The  intermediate  Uhc  shovrt  when  ibe 
were  sent  io,  each  mark  on  tt  correspoodtng  to  a  ihock.     The  lever,  which  describea  a  s 
Itnc  bef  >re  the  shock's  are  allowed  to  fall  into  the  nerve.  Hic&  alixioiii  vertically  (the  »< 
surface  travcltiog  in  this  case  slowly)as  vh>ti  as  the  first  shock  enters  the  ticrvc  at  a.     Hai_ 
ri»cn  to  a  certain  height^  it  begins  to  fall  a^ia,  but  lO  its  fall  is  roued  once  toore  byj 
'■second  shock,  and  that  l«  a  ffreaier  height  than  belxjrc.      Ibe  third  and  vucceeding  ch 
have  »inular  efTccts^  the  muscle  continuiii|r   to  become  shorter^  thaujj|;h  the  thorteninc  u  4 
sbodc  is  less.    After  a  while  the  increase  in  the  tocal  shortening  of  the  mnscle^  thougli^ 
tDdivtdutU  contractions  are  stilt    .      '  '        '       ,t  ceases.     At  S,  the  shocks  cease  to  be  sent  ■ 
the  oervc  ;  ibe  coniractioiL^  alui'  )y  dusappear.  and  the  lever  forthwith  cnmmenrcs 

to  descend.    Tbc  muscle  being  li  1,  the  descent   i&  very  gradual ;  the  iuiti>c]e  hid 

ii<>l  regained  its  natural  length  wiicu  uic  ir«cuig  tras  stopped. 

where  the  primary  current  of  the  induction-machine  was  repeatedly 
broken  at  intervals  of  sixteen  in  a  second.  When  the  shocks 
succeed  each  other  more  rapidly,  the  individual  contractions,  visible 
at  first,  may  become  fused  together  and  lost  to  view  as  the  tetanus 


Fig.  8.  Tktahi»  »ROpocat>  wm<  tub  t^amsnARV  Macnbtic  Iwnwtupro*  or 
IvoucTioMr-MACKfNL  (Recording  surface  travelling  slowly.^  Io  be  read  from 
to  right. 

The  interrupted  current  being  thrown  to  at  a  1  he  lever  ri««s  rapidly,  btit  at  f>  the  muscle 
reaches  the  maxiinuin  of  contraction.  This  is  continaed  till  r,  when  the  current  is  shut  oO 
aJtd  relaxation  comnieoccs. 


continues  and  the  muscle  becomes  tired.  When  the  shocks 
succeed  each  other  still  more  rapidly  (the  second  contraction 
beginning  in  the  ascending  portion  of  the  first),  it  becomes  diffi- 
cult or  impossible  to  trace  out  the  single  contractions.  The  curve 
then  described  by  the  lever  is  of  the  kind  shewn  in  Fig.  8,  where 
the  primary  current  of  an  induction-machine  was  rapidly  made  and 
broken  by  the  magnetic  interruptor,  Fig.  9,  The  lever,  it  will  be 
observed,  rises  at  a  after  the  latent  period  (which  is  not  marked), 
first  rapidly,  and  then  more  slowly,  in  an  apparently  unbroken 
line  to  a  maximum  at  about  /^,  maintains  the  maximum  so  long 
as  the  shocks  continue  to  be  given,  and  when  these  cease  to  be 
given»  as  at  ir»  gradually  descends  Io  the  base-line.  This  condition 
of  muscle,  brought  about  by  rapidly  repeated  shocks,  this  fusion 
of  a  number  of  simple  spasms  into  an  apparently  smooth,  con- 
tinuous effort,  is  knOT/vti  as  Mantes,  or  titanic  ccntracfion.  The 
above  facts  are  most  clearly  shewn  when  induction-shocks,  or  at 
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Fm.  9.     Thu  ICaokbtic  iNTiKKvrrox. 

TIm  6<un  k  introiticed  to  iDuBtmte  die  »iedon  of  thk  ii 
by  plhysioiociMi. 

iKm  wira  ^  xo^y  fmm  the  battery  cuv  coaiwcted  with  the  two  hnm  pIllBn  M  And  il 

r -,-■.      Directly  rofifart  ill  (liii*  male  ilie  current,  indicated  in  thf  ►■  — •—  *■"  ■■>»# 

'    I':!,  pAiWf*  in  th*  direc'ion  of  ih«  arrow*,  up  th*  ptllard,     '  5 

in  srrew  c.  tbc  i*oitit  of  whirh,  armed  with  platinuin,  H  in  • 

,.Ti  't       II,.-  .  ,  —-r,    ,..'.,<,  f|-o-n  A  ihrou<(h  f  an  J  «  conOf  " 

-  primary  roil,  an  induced  (mrtk 

(no!  shewn  in  the  fii^nrcY      Frur  y 

-  ,  ..    .  ,..;       ->.,,     ..c,  through  ihe  rtonhle  spiral,  m,  an.^       i  ..     >     i;,j 

inu«  i«  pjw«  fr^ta  m  by  ■  connecting  wire  to  the  pillv  </,  aixl  vo  l^  '!<« 

The  whole  o(  this  couitc  U  in4icated  by  the  thick  ioierrup'tctl  line 

(r«  rhrai)t;h  ih'  ^pintU  m,  the  iron  corea  of  thftae  anniacli 
'Inw  •luwn  nhr:  i>nn  b,ir  '.  fixed  at  the  end  of  the  Apring  i, 

■•:.'  tiki-.,      P'H  >»'h«  n  r  c.  'J^iwn   H.rmn.  th«'  rl.i'ini'uri    l-Luc  «H 
■•  (mm   th-  n 

ntTC*  with    •  i 

.    ,    T'l  M-  -         '  '•! 

:^iu*  A  10  y,  .  ;  r 

T  1  O'lt  to  th 

;rv  roil  {  an!    ' '  '1'; 

'L  <M--)  cnrrcti';  u  fur  ;hc  uitmn  ni 

1        nnly  from  the  ptimary  '  <'il. 

'    '  ir    iT-.ii'n-ti  I'll,  !li<-     tijr  e 


■BfCMaftfle  iirt'tt  I  '1 

4VD>  aarv  in  tnc  «.:  ;  |  ^i^i^mM  .-Ucu^  r.  ^  In? 

•fill  con  •  If  constantly  im<«*in< 

>«•!  ^(^t  «h'i  ned  by  the  period*  of 

iIm  «f  (Hf  .pnn^  /      With   radi  ].Av.^i^r-   «jf  rbe  o.srrcn/!   imo.  or  withdfnwal  from  ihe 

e^L  an  iihluced  (makinf  and,  reipectively,  hrealunc)  aheck  is  devclopsd  *a  tki 
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least  galvanic  currents  in  some  form  or  other,  are  employed.  Thejr 
are  seen,  however,  whatever  be  the  form  of  stimulus  employed. 
Thus  in  the  case  of  mechanical  stimuli,  while  a  single  blow  may 
cause  a  single  spasm,  a  pronounced  tetanus  may  be  obtained  by 
rapidly  striking  successively  fresh  portions  of  a  nerve.  With 
chemical  stimulation,  as  when  a  nerve  is  dipped  in  arid,  it  is 
irapossible  to  secure  a  momentary  application ;  hence  tetanus, 
generally  irregular  in  character,  is  the  normal  result  of  this  mode 
of  stimulation.  In  tlie  living  body,  the  contractions  of  the 
striated  muscles,  brought  about  either  by  the  will  or  by  re6e3C 
actioQ,  are  generally  tetanic  in  character.  Even  very  short  shaip 
movements,  such  as  a  sudden  jerk  of  the  Jinibs,  are  in  reality 
examples  of  tetanus  of  short  duration. 

When  it  has  once  been  realised  that  an  ordinary  tetanic 
muscular  movement  is  essentially  a  vibratory  movement,  that  the 
apparently  rigid  and  firm  muscular  mass  is  really  the  subject  of  a 
whole  series  of  vibrations,  a  series  namely  of  simple  spasms,  it 
will  be  readily  understood  why  a  tetani/ed  muscle,  like  all  other 
vibrating  bodies,  gives  out  a  sound.  That  a  contracting  (tetani^cdj 
muscle  does  give  out  a  sound,  the  so-called  muscular  sotmd,  is 
easily  proved  by  listening  with  a  stethoscope  to  a  contracted 
biceps,  or  by  stopping  the  ears  and  hstcning  to  the  contractions  of 
one's  own  masseter  and  temporal  muscles. 

When  a  muscle  is  thrown  into  tetanus  by  interrujUed  shocks 
apphed  directly  to  the  nerve  or  to  the  muscle,  the  note  is  the  same 
as  that  of  the  mterru])tor  determining  the  number  of  the  shocks. 
This  is  naturally  the  case,  since  the  note  of  the  muscle-sound  is 
determined  by  tlie  rapidity  of  the  spasms  or  vibrations  which  go 
to  make  up  the  tetanus,  and  these  are  determined  by  the  rapidity 
with  which  the  stimulus  is  repeated. 

When  a  muscle  is  throAvn  into  tetanus  by  the  will  or  by  reflex 
action  or  by  direct  stimulation  of  the  spinal  cord,  in  fact,  in  any 
way  through  the  action  of  the  central  nervous  system,  the  sanie 
note  is  always  heard,  viz.  one  indicating  19-5  vibrations  per 
recond. 

The  note  actually  heard  is  one  indicating  39  (36  to  40)  vibrations 
per  sec.  This  is,  however,  an  harmonic  of  the  primarj-  note  of  the 
whole  sound. 

It  need  hardly  be  said  that  a  single  muscular  contractioD,  11 
single  vibration,  cannot  cause  a  muscular  sound. 

The  general  obsen^ations  which  have  been  described  in  thia 
section  may,  when  proper  ]>recaiitions  are  taken,  be  carried  out 
on  a  muscle- nerve  preparation  from  a  frog  for  a  very  considerable 
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time  after  its  removal  from  the  body.  After  some  hours  however, 
or  it  may  be  days,  the  length  of  time  varying  according  to  cir- 
cumstances, it  will  be  found  that  no  stimulus,  however  powerful, 
will  cause  any  contraction,  when  applied  cither  to  the  nerve  or  to 
the  muscle.  Both  muscle  and  nerve  are  then  said  to  have  lost 
their  irritability  j  and  a  short  time  afterwards  the  muscle  may  be 
observed  to  pass  into  a  peculiar  condition  known  as  ri^or  mortis^ 
in  which  it  loses  all  the  suppleness  and  extensibility  characteristic 
of  the  living  irritable  muscle.  The  causes  of  this  loss  of  irri- 
tability as  well  as  the  features  and  nature  of  this  rigor  mortis  we 
shall  study  in  detail  presently. 

The  muscles  and  nerves  of  a  mammal,  or  indeed  of  any  warm- 
blooded animal,  lose  tlieir  irritability,  and  the  muscles  become 
rigid  in  a  very  short  time  (it  may  be  a  few  minutes)  after  removal 
from  the  body.  Hence  these  are  less  suitable  for  experiments 
than  the  muscles  and  nerves  of  the  frog,  though  their  general 
phenomena  are  exactly  the  same. 

We  must  now  attempt  to  study  in  greater  detail  the  changes 
wKich  take  place  in  a  muscle  and  nerve  during  the  contraction  of 
the  former  and  the  passage  of  an  impulse  along  the  latter,  with  a 
ificw  to  the  better  understanding  of  both  events. 


S«c.  2,    The  Changes  in  a  Muscle  during  Musoh-ar 
Contraction. 


The  Change  in  Form, 

We  have  seen  that  at  the  close  of  the  latent  period  the  muscle 

_ihortens,  that  is,  each  fibre  shortens,  at  first  slowly,  then  more 

tpidly,  and  lastly  more  slowly  again.     The  shortening  (which  in 

fcrc  tetanus  may  amount  to  three-fifths  of  the  length  of  the" 

isde)    is  accompanied    by  an   almost  exactly   corresponding 

lening,  so  that  there  is  hardly  any  actual  change  in  bulk.     If 

le  be  placed   horizontally,  and  a  lever  laid  upon  it,  the 

ling  of  the  muscle  will  raise  up  the  lever,  and  cause  it  to 

on  a  recording  surface  a  curve  exactly  like  that  describeti 

a  lever  aiuched  to  the  end  of  the  muscle.     There  appears  to 

a  minute  diminution  of  bulk  not  amounting  to  more  than  one 

isandth. 

If  a  long  muscle  of  parallel  fibres,  poisoned  with  urari,  so  as  to 

itc  the  action  of  its  nerves,  be  stimulated  at  one  end,  the 

cootfsction  may  be  seen,  almost  with  the  naked  eye,  to  start  from 

the  end  siimulaied,  and  to  travel  along  the  muscle.     If  two  levers 
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be  made  to  rest  on,  or  be  suspended  from,  two  points  of  sudr 
muscle  placed  horizontally,  the  points  being  at  a  known  distance 
from  each  other  and  from  the  point  stimulated,  the  progress  of 
the  contraction  may  be  studied.  It  is  found  that  the  contraction 
starting  from  the  spot  stimulated,  passes  along  the  muscle  in  the 
form  of  a  wave  diminishing  in  vigour  as  it  proceeds.  The  velocity 
with  which  this  contraction  wave  travels  in  the  muscles  of  the 
frog  is  about  3  or  4  metres  a  second  j  and  since  it  takes,  in  round 
numbers,  from  about  '05  to  -i  sec.  for  the  contraction  to  pass 
over  any  point  of  the  fibre,  the  wave-length  of  the  contraction 
wave  must  be  from  about  200  to  400  mm. 

Bernstein*  gives  the  velocity  of  the contmction  wave  in  the  frog  as 
about  3  to  4  (3'869),  its  duration  as  '0533  to  0894  sec,  ;ind  hence  its 
wave-length  as  from  198  to  200  mm.  In  the  dog,  Bernstein  and 
Stciner*  hnd  the  velocity  of  the  wave  about  the  same,  viz.  3589,  but 
the  duration  much  longer,  viz.  "27  to.  4975  sec,  indicating  a  much 
more  extended  wave  ;  but  this  was  probably  due  to  the  abnormal 
condition  of  the  muscle,  since  the  duration  of  the  wave  in  the 
untouched  muscles  of  the  rabbit  more  nearly  agreed  %vith  that  of  the 
frog,  Hermann  ^  makes  the  rate  in  the  frog  about  3  metres  or  rather 
less.  Aeby  had  previously  given  '8 — 12  metres  per  sec,  and  Engcl- 
mann  117  m.  per  sec.  as  the  velocity. 

The  velocity  is  increased  by  an  elevation  and  diminished  by  a 
lowering  of  temperature,  but  is  not  affected  by  variations  in  the 
load. 

Seeing  that  the  extreme  limit  of  the  length  of  a  muscular  fibre 
is  about  30  or  40  mm.,  it  is  evident  that  even  when  the  stimu- 
lation begins  at  one  end,  the  whole  fibre  is  not  only  in  a  state  of 
contraction  at  the  same  lime,  but  almost  in  the  same  phase  of  the 
contraction  wave.  In  an  ordinary  contraction  occurring  in  the 
living  body  the  stimulus  is  never  applied  to  one  end  of  the  fibre; 
the  nervous  impulse  which  in  such  cases  acts  as  the  stimulus  to 
the  muscle,  falls  into  the  fibre  at  about  its  middle,  where  the  nerve 
ends  in  an  end-plate,  and  the  contraction  wave  starting  from  the 
end-plate  travels  along  the  muscular  fibre  in  both  directions.  In 
such  a  case  therefore,  still  more  even  than  in  the  urarised  muscle 
stimulated  artificially  at  one  end,  must  the  whole  fibre  be  occupied 
at  the  same  time  by  the  wave  of  contraction. 

Changes  in  microscopic  structure.  When  portujis  oi 
living    irritable    muscle    are    examined    under    the    microscope, 

*  Unttniuh.  u.  d,  EnrpiHgrmrgang  im  Nerveri'  und  MuskehjfStavUt  1871, 
{\  S4. 

*  I'flUirer'!.  Anhiv,  X.  (1S75)  48. 

*  Archtv/.  Attai,  h,  fhyi,^  1K75,  p.  526. 
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mtraction  waves  similar  to  those  just  described,  but  feebler  and 
shorter  length,  may  be  observed  passing  along  the  fibres.  By 
►proi>riate  treatment  with  osraic  acid  or  other  reagents,  these 
kort  contraction  waves  may  be  fixed,  and  the  structure  of  the 
contracted  portion  compared  at  leisure  with  that  of  the  portions 
of  the  fibre  at  rest.  In  Fig.  lo,  representing  a  fibre  of  the  muscle 
of  an  insect  (in  which  these  clianges  can  be  more  satisfactorily 


FfC.   TO.    MtfSCULAJI  FUMB  VKDSIOOIWG  OONTXACTtON:. 

■iMriK  i*  llut  of  TtUft^ern*  mttoMurmt  irratcd  withosmic  scid.  Th«  film  ftl  r  {«  at 
WmM^  M  #  lite  cotiti«ct»oci  begins  At  ^  ii  hjx*  reacbtd  iu  m&xioauco.  The  riciu  b«ad  side  of 
the  ftcuf*  ilMnrt  tbe  sain*  fibre  as  v«cii  in  poUriaetl  Ug^tii-    (After  EngclsLUin  j 

sltjdied  than  in  vertebrate  muscle),  the  contraction  wave  begins 
near  a^  and  has  reached  about  its  maximum  at  ^,  while  at  £  the 
6bre  is  at  rest,  the  contraction  wave  not  having  reached  it  (or 
iviog  passed  over  it,  for  the  beginning  and  end  of  the  wave  are 
laaly  alike).  It  will  be  seen  that  at  />,  each  disc  of  the  fibre  is 
toiler  and  broader  than  at  c.  Further,  while  at  c  the  dim  band 
is  conspicuous,  and  the  light  band  j',  with  its  accessory  markings 
Thcr  lighter  than  the  dim  band  x^  at  It  in  the  fully  cou- 
rt of  the  fibre  the  dim  Liantl  appears  light  as  compared 
:j  till-  irUck  Hney  occupying  ilit-  middle  of  the  jireviuusly  light 
In  the  contractetl  muscle  then  there  is  a  reversal  of  ihc 
if  things  in  the  resting  muscle,  the  light  band  (or  |>art  of 
It  bund)  of  the  latter  in  cuutiacttng  becomes  dark,  and  the 
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dim  band  of  the  latter  becomes  by  comparison  light  Between 
rest  and  full  contraction  there  is  an  intermediate  stage,  as  at  //,  in 
which  the  distinction  between  dim  and  bright  bands  seems  to 
largely  lost.  The  subject  however  is  one  otTering  peculiar  dil 
culties  in  the  way  of  investigation,  and  while  most  observers  ai 
in  the  broad  facts  which  have  jtist  been  stated,  there  is  great 
diversity  of  opinion  concerning  further  details  and  especially  as  to 
the  interpretation  of  the  various  appearances  observed.  The 
accessory  markings  in  the  middle  uf  the  light  band  have,  in 
particylar,  been  the  subject  of  controversies  into  which  we  cannot 
enter  here. 

When  the  fibre  is  examined  in  polarized  light  it  h  seen  that  tbe 
dim  band  is  anisotropic,  and  the  light  bund  wholly  isotropic,  llie 
accessory  markings  v  of  the  hght  band  not  being  recogniiable  in 
polarizea  light.  This  is  the  case  during  all  the  phases  of  the  con- 
traciJoti.  At  no  period  i3  there  any  confusion  between  the  anisotropic 
and  isotropic  material ;  these  maintain  their  relative  positions,  boih 
become  shorter  and  broader  ;  but  it  will  be  observed  that  the  isotropic 
substance  diminishes  in  height  to  a  much  greater  extent  than  docs  the 
anisotropic  substance,  't  he  latter  in  fact  appears  to  increase  tn  bulk 
at  the  expense  of  the  former'. 

Relaxation.  The  shortening  as  we  have  seen  is  followed  by 
a  relaxation,  the  muscle  returning  to  its  original  length.  This  is 
brought  about  by  the  elastic  reaction  of  the  muscular  substance 
itself.  Tlie  appllaition  of  an  extending  force,  though  useful,  is 
not  necessary. 

The  muscles  in  their  natural  position  in  the  body,  where  they  are 
to  a  certain  extent  on  the  stretch,  return  completely  and  rapidly  to 
their  former  length,  even  after  a  powerful  and  prolonged  contraction. 
Out  of  the  body  the  return,  e^^pecially  in  inusclcs  which  are  not  loaded, 
is  slower,  and  is  frequently  incomplete.  The  amount  of  this  deficiency 
of  relaxation  depends  on  the  nutritive  condition  of  the  muscle.  When 
a  muicle  is  stimulated  by  induction  shocks  repeated  with  a  certaiii 
rapidity  this  deficiency  of  relaxation,  or  *  contraction  remainder*  as  it 
has  been  called,  becomes  very  conspicuous'. 

A  muscular  contraction  appears  then  to  be  essentially  a  Ixans- 
•  ••• 


#••# 


Fig.  II. 


location  of  moljcules.      If  we  were  to  represent  a  portion 

■  EngclmDinn,  ?Mr^er's  j4frAw,  xviil,  (1878)  p,  I, 

■  Cf.  Tiegcl,  Pfluger'i.  ArcAw,  xm.  (1876)  p  71, 
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muscular  substance  at  rest  by  four  rows  of  molecules  four  abreast 
AS  in  Fig,  II,  the  contraction  might  be  represente«1  by  the  four 
rows  of  four  shifting  into  two  rows  of  eight ;  and  the  subsequent 
relaxation  by  a  return  into  the  four  tows.  Wc  cinnot  at 
pres  nt  give  any  satisfactory  molecular  explanation  of  this  trans- 
l»>i  ation,  even  when  we  have  studied  the  che mica!  and  other 
events  to  be  described  immediately  which  accompany  and  are 
dou!>tlcss  the  cause  of  the  change  of  form*  And  there  is  a 
remarkable  physical  characteristic  of  the  j:ontracted  state  which 
shews  how  complex  and  peculiar  is  the  act  of  contraction.  Living 
muscle  at  rest  is  very  extensible,  but  a  stretched  muscle  after  the 
extending  cause  has  been  removed^  returns  rapidly  and  com- 
pletely- to  its  former  length.  In  physical  language  muscle  is 
fi'v^Ven  of  as  possessing  slight  but  perfect  elasticity.  It  might  be 
fied  that  during  a  contraction  this  extensibility  would  be 
Miimitishcd  in  order  that  none  of  the  resistance  which  the  muscle 
hsd  to  overcome,  no  part  of  the  weight  for  instance  which  had  to 
be  lifted,  should  be  wasted  in  stretching  the  muscle  itself.  On 
the  contrary  we  find  that  during  a  contraction  there  is  a  marked 
fg  of  extensibility;  thus  if  a  muscle  at  rest  be  loaded  with  a 
weight,  say  50  grarami^s,  and  its  extension  observed^  and  be 
icn  while  unloaded  thrown  into  tetanus,  and  the  load  applied 
iring  the  tetanus,  the  extension  in  the  second  case  will  be 
ittnctly  greater  than  in  the  first.  During  the  contraction  there 
so  to  speak  a  greater  mobility  of  the  muscular  molecules,  and 
the  loaded  nmscle  has  In  contracting  to  overcome  its  own  tendency 
lo  lengthen  on  extension  before  it  can  produce  any  effect  on  the 
weight  which  it  has  to  lift. 

When  a  muscle  is  extended  by  a  series  of  weights  increasing  in 
nugnitudc^  the  curve  (obtained  by  making  the  weights  abscissae  and 
the  extensions  ordi nates)  is  not  a  straight  line,  as  is  the  case  with 
dc»d  el;i5tic  bodies,  but  a  hyperbula. 

The  elasticity  or  extensibility  of  the  muscular  substance  is 
c*!WMitially  a  vital  property,  />,  is  dependent  on  the  same  nutritive 
fiurtors  tkA  the  irritability  of  the  muscular  substance.  As  the 
mttKtilar  substance  becomes  weary  with  too  much  work  or 
impoverished  by  scanty  nutrition,  its  elasticity  suffers  fart  pasiu 
with  its  irritability.  The  exhausted  muscle  when  extended  does 
HOC  rcttinn  so  readily  lo  its  proper  length  as  the  fresh  active 
orosde,  and,  as  we  shall  see,  the  dead  muscle  does  not  return 
tl  all 
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Muscle-currents.  If  a  muscle  be  removed  in  an  ordinary 
manner  from  the  body,  and  two  non-polari/able  electrodes^ 
cx>nnected  with  a  delicate  galranometer  of  many  convolutionS| 
be  pl4Cc<l  on  two  points  of  the  surface  of  the  muscle,  a  deflection 
of  the  galvanometer  will  lake  place  indicating  the  existence  of  a 
current  passing  through  the  ^vanooaeter  from  the  one  point  of 
the  muscle  to  the  other,  the  direction  and  amount  of  the  deflec- 
tion varying  according  to  the  position  of  the  points.  I'he 
*  muscle-currents '  thus  revealed  are  seen  to  the  best  advantage 
when  the  muscle  chosen  is  a  cylindrical  or  prismatic  one  with 
parallel  fibres,  and  when  the  two  tendinous  ends  are  cut  oflF  by 
clean  incisions  at  right  angles  to  the  long  axis  of  the  muscle. 
The  muscle  then  presents  an  (artificial)  transverse  section  at  each 
end  and  a  longitudinal  surface.  We  may  speak  of  the  latter  as 
being  divided  mto  two  equal  parts  by  an  imaginary  transverse 
line  on  its  surface  called  the  *  equator/  containing  all  the  points 
of  the  surf^ice    midway  between    the  two  erids.     Fig.  13  is  a 

*  These  (Fi?.  t2)  consi^  essentially  of  «  «lip  of  ttioTOOghly  iinB^>aiiiated 
fine  dipping  into  x  sAturaied  solatioo  of  tioc  sulphice,  which  in  mm  is  brcMig^ 
into  cuiin«cu->n  Mlrh  th<r  nerrc  or  tmade  hf  iBaui<  of  a  plug  or  bridge  of  ^Ina* 
day  tnoisiened  with  dilute  <«o(iituxi  chloride  aolalioo ;  it  i-  importaDt  tkat  the 
tine  should  be  thorooghlf  amalj^mared.  This  fbna  of  etectrode!;  gives  rise  to 
less  polanxation  tban  do  siinple  platinum  or  c:>ppcT electr  ^de^.  The  day  aflfottla 
a  eonoection  between  the  usx.  and  the  dsstae  wludk  odther  act^  on  the  tun^ 
nor  is  acted  on  by  the  tisstie.  Contact  of  uy  tiaae  with  copper  or  platianm 
is  in  itself  sufSdent  to  devdop  a  coneot. 


rvs.  t*. 


9^ 

NOM'^PftLAItZABLa 


«.  the  ckss  tube  ;  s.  (lie  **— y**"*'-^  cue  sGpc  €»anect«d  vith  ihdr  tciyacdva  i 
&  1^  the  vac  tulnkue  ■oiutiao ;  dL  c*,  the  |iluc  of  cfaiaa  dmj  ;  i",  the  poitiM  «f  iIh 
cfaT  iiiuK  pn>jccu«c  &w  0^  *^  ^  ^  *^^*^  •  u«  caa  be  BMulded  ima  mar  ra^uind 
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diagrammatic  representation  of  such  a  muscle,  the  line  ab  being 
the  equator.  In  such  a  muscle  the  development  of  the  muscle 
cujTentji  is  found  to  be  as  follows. 

The  greatest  deflection  is  observed  whep  ane  electrode  s 
pbccd  at  the  mid-point  ur  equator  of  the  muscle,  and  the  other 
au  either  cut  end ;  and  the  deflection  is  of  such  a  kind  as  to  shew 


T>'  T     -^     \TI>rtJ  TKB  KLKTRIC  CVRItKKTS  09  MKRW  AKD  MV»CLE. 

r  t  ma^  serve  tor  %  piece  either  of  nerve  or  of  mtjscle.  emcept 

-'^  tectioa  cannot  be  chevn  in  a,  nerve.     Ihe  arrows  shew  Idq 

!«  cuirrnt  1 1.< ,,.,^;J:i  the  £aJvixnonirter> 

* 
«Ji.  ike  eqiuLlor.     The  5,(ronc?«t  ciirr*nti  are  thov  lliewn  by  ihc  duritliocs.  M  ftwn  «.  mt 
^^uor  »"  -  '"-  '  •  V  -  '^  -       '     '  <-        !>«-   ■    rrem   from  a  10  r  U  weaker  fh«n  frtwn  «  10^. 
nlMiffh  'i-r  ««inc  dirfr^iiftfi      A  currem  u  *.hewi»  fmro  *, 

wWa  i  licr  from  the  cqilator.     The  runreni  (in  muide) 

Mlin  «  j,i —  ,_„^ !   .  ...  ..  ,„,,,,.  f.oarer  vbe   centre  of  ihe   Inin^vcr**   secuoo  u 

iftcwn  M  ^4     f  t«io  d  ta  ^  or  thua  jt  to  jr  there  u  tto  eurtenr,  as  tiidicat*d  fay  iIm  doa«d 


ilhat  positive  currents  are  continually  passing  from  the  equator 
igh  the  galvanometer  to  the  cut  end,  tliat  is  to  say,  the  cut 
If!  i^  ncsjativc  relatively  to  the  equator.     The   currents  outsitle 
^  L'  maybe  considered  as  completed  by  currents /Vi  the 

ni  the  cut  end  to  the  equator.  In  the  diagram  Fig.  t3, 
Ibe  anowg  indicate  the  direction  of  the  currents.  If  the  one 
electrode  be  placed  at  the  equator  tib,  the  effect  is  the  aame  at 
whiclicver  of  the  two  cut  ends  x  or^j*  the  other  is  placed.  If,  one 
^!,..  trr»K-  remaining  at  the  equator,  the  other  be  shifted  from  the 
J  a  spot  ^  nearer  to  the  equator,  the  current  continues 
iw  .i^^._  ;ije  same  direction,  but  is  of  less  intensity  in  proportion 
10   the  neanjcss  of  the  electrodes  to  each  other.     If  the  two 
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electrodes  be  placed  at  unequal  distances  e  and/,  one  on  either  side 
of  the  equator,  there  wilt  be  a  feeble  current  from  the  one  nearer 
the  ecjuaior  to  the  one  farther  off,  and  the  current  will  be  the 
feebler,  the  more  nearly  they  are  equidistant  from  the  equator* 
If  they  are  quite  equidistant,  as  for  insiahce  when  one  is  placed  on 
one  cut  end  x,  and  the  other  on  the  other  cut  end  j^,  there  will  be 
no  current  at  all. 

If  one  electrode  be  placed  at  the  circuniference  of  the  trans* 
verse  section  and  the  other  at  the  centre  of  the  transverse  section, 
there  will  be  a  current  through  the  galvanometer  from  the  former  to 
the  latter  ;  there  will  be  a  current  of  similar  direction  but  of  less 
intensity  when  one  electrode  is  at  the  circtimference  g  of  the 
transverse  section  and  the  other  at  some  point  //  nearer  the  centre 
of  the  transverse  section.  In  fact  the  points  which  are  relatively 
most  positive  and  most  negative  to  each  other  are  points  on  the 
equator  and  the  two  centres  of  the  transverse  sections ;  and 
intensity  of  the  current  between  any  two  points  will  depend  on 
respective  distances  of  those  points  from  the  equator  and  from 
centres  of  the  transverse  sections. 

Similar  ctirrents  may  be  observed  when  the  longitudinal  surface 
is  not  the  natural  but  an  artificial  one  ;  indeed  they  may  be 
witnessed  in  even  a  piece  of  muscle  provided  it  be  of  cylindrical 
shape  and  composed  of  parallel  fibres. 

These  natural  '  muscle- currents'  are  not  mere  transitory 
currents  disappearing  as  soon  as  the  circuit  is  closed  ;  on  the 
^contrary  they  last  a  verj'  considerable  time.  They  must  there- 
fore be  maintained  by  some  changes  going  on  in  the  muscle,  by 
continued  chemical  action  in  fact,  'fhey  disappear  as  the  ir- 
ritability of  the  muscle  \anishes,  and  therefore  may  be  supposed 
to  be  connected  with  those  nutritive,  so-called  vital  changes 
which  maintain  the  irritability  of  the  muscle. 

Muscle-currents  such  as  have  just  been  described,  may,  we 
repeat,  be  observed  in  any  cylindrical  muscle  suitably  ]»repared, 
and  similar  currents,  with  variations  which  need  not  be  discussed 
here,  may  be  seen  in  muscles  of  irregular  shape  with  obliquely 
or  otherwise  arranged  fibres.  And  du  Bois-Reymond,  to  whom 
chiefly  we  are  indebted  for  our  knowledge  of  these  currents, 
has  bet.-n  led  to  regard  them  as  essential  and  important  properties 
of  living  muscle.  He  has  moreover  advanced  the  theory  that 
muscle  may  be  considered  as  composed  of  electro-motive  particles 
or  molecules,  each  of  which  like  the  muscle  at  large  has  a  positive 
equator  and  negative  ends,  the  whole  muscle  being  made  up  of 
these  molecules  in  somewhat  the  same  way  (to  use  an  illustration 
which  must  not  however  be  strained  or  considered  as  an  exact  one) 
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AS  a  magnet  may  be  supposed  to  be  made  up  of  magnetic  particles 
each  with  its  north  and  south  pule. 

There  are  reasons  however  for  thinking  that  these  muscle* 
currents  have  no  such  fundamental  origin^  that  they  are  in  fact  of 
stiriace  and  indeed  of  artilicial  origin.  Without  entering  largely 
into  the  controversy  on  this  question  (some  details  of  which  will 
be  found  in  a  subsequent  section  in  small  print),  the  following 
important  facts  may  be  mentioned 

1.  When  a  muscle  is  examined  while  it  still  retains  untouched 
its  natural  tendinous  terminations,  the  currents  are  much  less  than 
when  artificial  transverse  sections  have  been  made.  The  natural 
tendinous  end  is  less  negative  than  the  cut  surface.  In  some  cases 
it  may  be  even  positive  relatively  to  the  longitudinal  surface.  But 
the  tendinous  end  becomes  at  once  negative  when  it  is  dipped  in 
^water  or  acid,  indeed  when  it  is  in  any  way  injured.     The  less 

>ughly  in  fact  a  muscle  is  treated  the  less  evident  are  the  muscle- 
mrrents,  and  Hermann  has  shewn  that  if  proper  care  be  taken  a 
muscle  may  be  so  removed  from  the  body  as  to  give  only  currents 
iWhich  arc  hardly  appreciable. 

2.  Engelmann'  has  shewn  that  the  surface  of  the  uninjured 
lactive  '  ventricle  of  the  frog's   heart  is  isoelectric,  />.  that  no 

irrent  is  obtained  when  the  electrodes  are  placed  on  any  two 
jints  of  the  surface.     If  however  any  part  of  the  surface  be  in- 
lured,  or  if  the  ventricle  be  cut  across  so  as  to  expose  a  cut 
mrface»  the  injured  spot  or  the  cut  surface  becomes  at  once  most 
powerfully  negative  towards  the  uninjured  surface,  a  strong  current 
)€ing  developed  which  passes  through  the  galvanometer  from  the 
^uninjured   surface  to  the  cut  surface  or  to  the  injured  spoL     The 
icgativity   thus    developed  in  a  cut    surface    passes  oflf   in    the 
^course  of  some  hours,  but  may  be  restored  by  making  a  fresh  cut 
and  exposing  a  fresh  surface. 

Now,  when  a  muscle  is  cut  or  injured  the  substance  of  the  fibres 
lies  at  the  cut  or  injured  surface.     And  certain  authorities,  among 
the  most  prominent  is  Hermann,   have  been  led  by  the 
and  other  facts  to  the  conclusion  that  muscle-currents  do 
exist  naturally  in  untouched  muscles,  that  the  muscular  sub- 
stance is  naturally,   when  living,  isoelectric,   but  that  whenever 
portion  of  the  muscular  substance  dies,  it  becomes  7tthi/e  t(y/tfg 
tat!vc  to  the  living  substance,  and  thus  gives  rise  to  currents. 
r\  1    the  typical  currents    (as    they    might    be  called) 

I  N  a  muscle  with  a  natural  longitudinal   surface  and 

»  Pfluger*$  vfrMw,  XV,  (1877)  p.  II6. 

"  The  Qecesuty  of  \U  being  iniu^uve  wUI  be  leeti  subseqaentlf . 
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miitireric  tections,  by  the  ikct  that  the  dying  cat  c&dK 
"  ^  reliUively  to  the  rest  of  the  musde. 

*       '  *md  anil  those  with  him  ofier  special ^ 

and  ol  other  objections  which  have  been        ^, 

rif  naturally  existing  electro-motire  molecules. 

njjot  enter  here.     Wc  must  rest  content  with  the 

I  Mt  iin  ordinary  muscle  currents  such  as  have  been 

y  1)C  witncMsed,  but  that  strong  arguinents  may  be 

ifr  f^viiiir  <i(  Ihc  view  thai  these  currents  are  not  'natand' 
,i^  Mil  h\\X  c«»»cntially  of  artificial  origin*     It  will  therefore  be 
%it  «|.»0«k  i*\  them  am  ^currents  of  rest' 


N'M^itVf    variation    of   the    Muscle-current.      The 

^......,  .,,f^y    wliriliff   the    'currents   of    rest'    observable  in    a 

ir*t  of  natural  tjrigin  ur  not,  does  not  affect  the  truth  or 

II  »    M'>j>'Hhili(r  of  the  j;it:t  diitt  an  elLCtrical  change  takes  place 

U\  tt  MMiM  It   *vhnii'vtT  it  tintcTs  into  a  contraction.     WTien  currents 

,Mr  mIihi'ivuIiIc  in   a  muscle  these  are  found  to  undergo 

<\\ii)k  ill    llu^  oiiHct  of  a  contraction,  and  this  diminution 

}i  <(f  fiM  *lli<*  ucK^tivc*  variation'  of  the  currents  of  rest 

djv««  VHfljUion  may  l)0  seen  when  a  muscle  is  thrown  into 

'  fiolriM  l(un,  Inn  is  most  readily  shewn  when  the  muscle 

t  d,      rimi  i(  rt  l^iiir  of  electrodes  be  placed  on  a  muscle^ 

r«^»f  fM  lliH  «»(iMi<lM^  lUid  tlu-  other  at  or  near  the  transverse  section, 

hu    ff(ui    II    Mihnhh nihil*   ilctlcction   of  the  galvanometer  needle, 

nlruhlc  runcnt  of  rest,  be  gained,  the  needle  of 

I- 1  uiH,  when  the  muscle  is  tetanized  by  an  inter- 

(  (**'MI  thiuitgh  itn  nerve  (at  a  point  too  far  from  the 

■  i    ilhiw  miv  rsrape  of  the  current  into  the   electrodes 

d   s>(\\\\  111!'  kf.dvvinometer),  swing  back  towards  «ero;  it 

h*    ItM   iMiuUml   ticrtcction   when    the  letaniaing  current 

11 

•  lion  nuy  not  only  be  shewn  by  the  galvano- 

\fk  i(u*  current  of  rest,   may  be  used  as  a 

I  HO  I'mploycil  to  i  muscle,  as  in  the 

M   fi«  Mhr  thevm-  For  this   purpose 

'  -hh'  mni^i  lo*  \\\\k\  iumvv*  in  thoroughly  good  condition  are 

I       I  iui  imum  h  \w\\c  iM^prsitions  A  and  B  having  been 

1  Ns  plate  for  the  sake  of  insulation, 

1        u.    .     I     .1  Av\rrti  to  fall  on  the  muscle  of  the 

A  ^<iV  thrtt  \ntc  ix>ini  of  the  nerve  comes  m 

..,M^»   -<  »K .  i^^.'v.V.  and  another  point  with 

It  some  distance  from  the 

/!l  Mil   inonn  ui  iiu  nrc^v  »  tvl  £>11  and  contact  made»  a 
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current,  m.  the  *  current  of  rest '  of  the  muscle  ^,  passes  through 
the  nerve ;  this  acts  as  a  stimulus  to  the  nerve,  and  so  causes  a 
contraction  in  the  muscle  connected  with  the  nerve.  Thus  the 
mi!*:.cle  A  acts  as  a  battery,  the  completion  of  the  circuit  of 
A  1  Lh  by  means  of  the  nerve  of  B  serves  as  a  stimulus,  causing 
liic  muscle  /?  to  contract. 

If  while  the  nerve  of  B  is  still  in  contact  with  the  musde  of 
j4t  the  nerve  of  the  latter  is  tetanized  with  an  interrupted  current, 
not  only  is  the  muscle  of  •/  thrown  into  tetanus  but  also  that 
of  B ;  the  reason  being  as  follows.  At  each  spasm  of  which  the 
tetanus  of  A  is  made  up,  there  is  a  negative  variation  of  the 
muscle-current  of  A.  Each  negative  variation  in  the  muscle- 
current  of  A  serves  as  a  stimulus  to  the  nerve  of  B^  and  is  hence 
the  oiuse  of  a  spasm  in  the  muscle  of  B;  and  the  stimuli 
following  each  other  rapidly,  as  being  produced  by  tetanus  of  A 
they  must  do,  the  spasms  in  B  to  which  they  give  rise  are  also 
fused  into  a  tetanus  in  B.  B  in  fact  contracts  in  harmony  with 
^.  This  experiment  shews  that  the  negative  variation  accom- 
mnying  the  tetanus  of  a  muscle,  though  it  causes  only  a  single 

i^'  of  the  galvanometer,  is  really  made  up  of  a  series  of 
uvj.,,tnvc  variations,  each  single  negative  variation  corresponding 
to  ihc  single  spasms  of  which  the  tetanus  is  made  up. 

Rut  an  electrical  change  may  be  maniiested  even  in  cases, 
when  no  currents  of  rest  exist.  We  have  slated  (p.  65)  that  the 
-  -'^-icc  of  the  uninjured  inactive  ventricle  of  the  frog's  heart  is 
ctric,  no  currents  being  observed  when  the  electrodes  of  a 
ajvanoineter  are  placed  on  two  points  of  the  surface.     Ncverthe- 

a  most  distinct  current  is  developed  whenever  the  ventricle 
C'  This  may  be  shewn  either  by  the  galvanometer  or  by 

t.  cojiic  frog.     If  the  nerve  of  an    irritable   muscle-nerve 

p:cj>^auun  be  laid  over  a  pulsating  ventricle,  each  beat  is 
responded  to  by  a  spasm  of  the  muscle  of  the  prepararion.  In 
the  case  of  ordinary  muscles  two  instances  occur  in  which  it  seems 
impo^^h\c  to  regard  the  electrical  change  manifested  during 
ihc  I  11  as  the  mere  diminution  of  a  preexisting  current. 

A  ^ly  Hermann   and    those   who   with   him   deny   tlie 

Diiitcfirc  oi  '  natural  *  muscle  currents  speak  of  a  muscle  as 
f}e%*eIoptng  during  a  contraction  a  *  current  of  action,'  occasioned 
as  they  believe  by  the  muscular  substance  as  it  is  entering  into  the 
ittmte  of  contraction  becoming  negative  towards  the  muscular 
substance  which  is  still  at  rest,  or  has  returned  to  a  state  of  rest. 
In  £act,  they  regard  the  negativity  of  muscular  substance  as 
charaicteristJC  alike  of  a  beginning  death  and  of  a  beginning 
oximcuon.     And  they  believe  that  in  a  muscular  contraction 
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Mtf  bere  mto  a  db- 
McoatODi  o£  the  various 
bf  die  adtoc^tes  of  the 
be  ixad  in  a.  sabseqoe&t  secticm  oi  small 
pniit. 

Whkiiever  ¥iev  be  taken  of  the  Bstiire  of  these  moscde  cwrents^ 
Ju>doftiieetcccykdttiiee<>Bnngcootraction,w^ 
chan^  as  a  '  Dc^ative  Ysiatioii  *  or  as  a  '  cntrent  of  aKzboa/  it  ts 
importam  to  remember  that  it  takes  pbce  enttrely  dtiriog  tbe 
latent  period.  It  is  not  in  an j  vaj  the  result  of  Uie  change  of 
fonn,  it  is  the  forenuincr  of  that  change  of  form.  Just  as  a 
ncnroos  impalse  passes  down  the  nenre  to  the  muscle  irithout  any 
visArfe  changes^  so  a  roolccolar  chao^  of  some  kind,  unattended 
bf  any  viable  events,  oiaiked  only  by  an  electrical  change,  nms 
akNitg  the  mascular  fibre  from  the  end-plates  to  the  terminations  of 
the  fibre,  preparing  the  way  for  the  fisble  change  of  form  which 
is  to  follow.  This  molecular  invisible  change  is  the  work  of  the 
latent  period,  and  careful  observations  have  dhewn  us  that  it,  like 
the  visible  contracdon  which  follows  at  its  heels,  travels  along  the 
fibre  from  a  spot  stimulated  (from  the  end-plates  when  the  stimulus 
is  applied  indirectly  through  a  nerve,  or  from  the  pomt  touched  by 
the  electrodes  when  the  stimulus  is  a  direct  one)  towards  the  ends 
of  the  fibres,  in  the  form  of  a  wave  ha\ing  about  the  same  velocity 
as  the  contraction,  viz.  about  3  metres  a  second. 


Chemkal  Changu, 

Before  we  attack  the  imi>ortant  problem,  What  are  the  chemical 
changes  concerned  in  a  muEcular  contraction  ?  we  must  study  in 
some  detail  the  chemical  features  of  muscle  at  rest.  And  here  we 
are  brought  face  to  face  with  the  chemical  differences  bctft-een 
living  and  dead  muscles.  All  muscles,  within  a  certain  time  after 
removal  from  the  body,  or  while  still  wuhin  the  body,  after 
'general'  death  of  the  body,  lose  their  irritability.  The  loss  of 
irritability  even  when  rapid,  is  gradual,  but  is  succeeded  by  an 
event  of  some  suddenness,  the  entrance  into  the  condition  known 
as  rif^&r  mortis^  the  occurrence  of  which  is  marked  by  the  follow- 
ing features.  The  muscle,  previously  possessing  a  certain  trans- 
luccncy,  becomes  much  more  opaque.  Previously  very  extensible 
and  clastic,  it  becomes  rigid  and  inextensible  and  at  the  same  time 
loses  its  elasticity ;  the  muscle  now  requires  considerable  force  to 
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Stretch  it,  and  when  the  force  is  removed,  does  not,  as  before, 
return  to  its  natural  length.  To  the  touch  it  has  lost  much  of  its 
former  softness,  and  becomes  firmer  and  more  resistent.  The 
entrance  into  rigor  mortis  is  characterised  by  a  shortening  or  con- 
traction, which  may,  under  certain  circumstances,  be  considerable. 
The  energy  of  this  contraction  is  not  great,  so  that  when  opposed, 
00  actual  shortening  lakes  place.  When  rigor  mortis  has  been 
fully  developed,  no  rauscle-currents  whatever  are  observed.  The 
onset  of  this  rigidity  may  be  considered  as  the  token  of  the  death 
of  the  muscle  itself.  As  we  shall  see,  the  chemical  features  of  the 
dead  rigid  muscle  are  strikingly  different  from  those  of  the  living 
muscle. 

If  a  dead  muscle^  from  which  all  fat,  tendon,  fascia,  and 
connective  tissue  have  been  as  much  as  possible  removed,  and 
which  has  been  freed  from  blood  by  the  injection  of  saline 
solution^  be  minced  and  repeatedly  washed  with  water,  the  wash- 
ings will  contain  certain  forms  of  albumin  and  certain  extractive 
bodies,  of  which  we  shall  speak  directly.  When  the  washing  has 
been  continued  until  the  washwater  gives  no  proteid  reaction,  a 
large  portion  of  muscle  will  still  remain  undissolved.  If  this  be 
treated  with  a  10  p.  c  solution  of  sodium  chloride,  a  large  portion 
of  it  will  become  imperfectly  dissolved  into  a  viscid  fluid  which 
Alters  with  difificulty.  If  the  viscid  filtrate  be  allowed  to  fidi  drop 
by  drop  into  a  large  quantity  of  distilled  water,  a  white  flocculent 
matter  will  be  precipitited.  This  flocculent  precipitate  is  myosin. 
It  is  a  proteid,  giving  the  ordinary  proteid  reactions,  and  having 
the  same  geneiul  elementary  composition  as  other  proteids.  It 
is  soluble  in  dilute  saline  solutions,  especially  those  of  sodium 
chloride,  and  may  be  classed  in  the  globulin  family,  though  it  is 
not  so  soluble  as  paraglobulin.  Dissolved  in  saline  solutions  it 
readily  coagulates  when  heated,  i.e,  is  converted  into  coagulated 
prntcid  *,  and  it  is  worthy  of  notice  that  it  coagulates  at  a  lower 
tirmjKjralure,  viz.  55**— 60**  C.,  than  does  serum-albumin,  para- 
lubulin  and  many  other  proteids ;  it  is  precipitated  and  after  long 
m  coagulated  by  alcohol,  and  \%  precipiiated  by  an  excess  of  the 
[ium  chloride.  By  the  action  of  dilute  acids  it  is  very  readily 
eon\*ertcd  into  what  is  called  syntonin  or  acid-albumen*,  by  the 
action  of  dilute  alkalis  into  alkali  albumin.  Speaking  generally  it 
fnay  be  said  to  be  intermediate  in  its  character  between  fibrin  and 
giobulin.  On  keeping,  and  especially  on  drying,  its  solubility  is 
couch  diminished. 

Of  the  substances  which  are  left  in  washed  muscle  from  which 
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the  myosin  has  thus  bten  extracted  by  sodiutn  chloride  solution 
little  is  known.  If  washed  muscle  be  treated  directly  with  dilute 
hydrochloric  acid,  the  greater  part  of  the  material  of  the  muscle 
passes  at  once  into  synlonin.  The  quantity  of  sj'ntonin  thus 
obtained  may  be  taken  as  representing  tlic  quantity  of  myosin 
previously  existing  in  the  musclc»  The  portion  insoluble  io 
dilute  hydrochloric  acid  consists  in  part  of  the  substance  of  the 
sarcok-rama,  of  the  nuclei,  and  of  the  tissue  between  tlie  bundles, 
and  in  part  probably  of  certain  elements  of  the  fibres  themselves. 

If  living  contractile  frog's  muscle,  freed  as  before  as 
much  as  possible  from  blood,  be  frozen  *,  and  while  frozen,  minced, 
and  nibbed  up  in  a  mortar  with  four  times  its  weight  of  snow 
containing  i  p.  c.  of  sodium  chloride,  a  mixture  is  obtained 
which  at  a  temperature  just  below  o'^C.  is  sufficiently  fluid  to 
be  filtered,  though  with  difficulty.  The  slightly  opalescent  filtrate, 
or  muscU plasma  as  it  is  called,  is  at  first  quite  fluid,  but  will  when 
exposed  to  the  ordinary  temperature  become  a  solid  jelly,  and 
afterwards  separate  into  a  dtft  and  sfrum.  It  will  in  fact  coagulate 
like  blood-plasma,  with  this  dift'crence,  that  the  clot  is  not  firm 
and  fibrillar,  but  loose,  granular  and  tlocculent  During  the  co- 
agulation the  fluid,  which  before  was  neutral  or  slightly  alkaline, 
become?  distinctly  acid. 

The  clot  is  myosm.  It  gives  all  the  reactions  of  myosin 
obtained  from  dead  niuscle. 

The  serum  contains  albumin  and  extractives. 

Besk^'^s  ordinary  scrum-albumin  coagulating  at  75*",  Kuhne"  (to 
whom  we  owe  our  knowledge  of  the  above)  found  a  pccuhar  form  of 
albumin  or  soluble  proteid  coagulating  at  45^  irrespective  of  the 
degree  of  acidity  acquired   by  the  scrum.     There  is  present  also  a 

f^rotoid  substance  whose  coagulation  point  varies  widely  (sometimes  as 
ow  as  ?S'^),  being  dependent  on  the  acidity  of  the  senim  ;  this  latter 
appears  to  be  a  form  of  alkali-albumin,  its  coa^^'ulation  point  being 
probably  connected  with  the  salts  present  in  the  scrum  (see  Appendix). 
Such  muscles  as  are  red  also  comain  a  small  quantity  of  ha:moglobin, 
to  which  indeed  their  redness  is  due. 

Thus  while  dead  muscle  contains  myosin,  serum-albumin,  and 
extractives  with  certain  insoluble  matters  and  certain  gelatinous 
elements  not  referable  to  the  muscle-substance  itself^  living  muscle 
contains  no  myosin,  but  some  substance  or  substances  which  bear 
somewhat  the  same  relation  to  myosin  that  the  fibrin  factors  do  to 

'  Sinc«^  as  we  shall  presently  see,  a  muscle  may  be  frozen  and  thawed  again 
without  losing  iiny  of  a&  viial  powers,  we  a>re  at  hhttiy  to  r^aid  ibe  frc 
•>w:le  as  a  still  \Wx\\^  ntusclc. 

"*   f^otopiasma^  Leipzig,  1864. 
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and  which  becomes  or  become  myosin  on  the  death  of  the 

We  may  in  fact  speak  of  rigor  mortis  as  characterized  by  a 

igulation  of  the  muscle-plasma,  comparabJc  to  the  coagulation 

bloixi  plasma,  but  differing  from  it  inasmuch  as  the  product  is 
lot  fibrin  but  myosin.  The  rigidity,  the  loss  of  suppleness,  and 
the  diminished  translucency  appear  to  be  at  all  events  largely, 
though  probably  not  wholly,  due  to  the  rhange  from  the  fluid 
pLisma  to  the  solid  myosin.  We  might  compare  a  Uving  muscle 
to  a  number  of  fine  transparent  membranous  tubes  filled  with 
Jjlood-plasraa.     When  this  blood-plasma  entered  into  the  '  jelly ' 

[e  of  coagulation,  the  system  of  tubes  would  present  many  of 
ic  phenomena  of  rigor  mortis.  They  would  lo>;e  much  of  their 
tpplcness  and  translucency,  and  acquire  a  certain  amount  of 
fidity. 

But  there  is  one  very  marked  and  important  difference  between 
\ot   mortis  of  muscle  and  the  coagulation  of   blood :    blood 

it)g  its  coagulation  undergoes  only  a  slight  change  in  its 
ioD ;  musde  during  the  onset  of  rigor  mortis  becomes 
distinctly,  it  might  be  said  intensely  atid. 

A  living  muscle  at  rest  is  in  reaction  neutral,  or,  from  some 
remains  of  lymph  adhering  to  it,  faintly  alkaline.  Tested  by 
litmus  paper  it  is  frequently  amphicroitic,  />.  it  will  turn  blue 
litmus  red  and  red  litmus  blue, — but  the  change  from  red  to  blue 
is  more  marked  than  that  from  blue  to  red.  If  on  the  other  hand 
the  reaction  of  a  tlioroughly  rigid  muscle  be  tested,  it  will  be 
found  to  be  most  distinctly  acid.  This  development  of  acid  is 
witnessed  not  only  in  the  solid  untouched  fibre  but  also  in 
escpressed  muscle-plasma-  The  red  colouration  of  the  blue  htmus 
thus  obtained  is  permanent,  and  cannot  therefore  be  due  to 
carbonic  acid. 

From  rigid  muscle  there  may  be  obtained  a  quantity  of  lactic 
mcidf  or  rather  of  a  variety  of  lactic  acid  known  as  sarcolactic 
aad^  It  is  probable  that  the  change  in  the  reaction  is  due 
to  the  formation  of  this  acid. 

The  appearance  of  rigor  mortis  is  characterized  then  by  the 
occurrence  of  a  nitrogenous  protcid  body,  myosin,  not  pre- 
viously existing  as  such  in  the  Uving  irritable  fibre,  and  of  a 
carbon  acid,  sarcolactic  acid.  But  there  is  another  most  import- 
lilt  acid,  which  is  developed  at  the  same  time.  Irritable  living 
mosculax  substance  like  all  living  protoplasm  is  continuJly 
re»}Mring,  continually  consuming  oxygen  and  giving  out  carbonic 
aod.  In  the  body,  tlic  arterial  blood  going  to  tlie  mu«cle  gives 
*  See  AppeadiM. 
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ttp  some  of  its  oxygeD^  aod  gains  a  quantity  of  caibonic  acid,  thus 
beooflung  venous  as  it  passes  through  the  muscular  capil lances. 
After  removal  from  the  body,  the  liviDg  musde  continues  to  take 
up  from  the  surrounding  atmosphere  a  certain  quantity  of  ox}'gen 
and  to  give  out  a  certain  quantity  of  cart^onic  acid. 

At  the  onset  of  rigor  mortis  there  \s  a  very  large  and  &uddcn 
increase  in  this  production  of  carbonic  acid,  in  fact  a  burst  as  It 
were  of  that  gas.  This  is  a  phenomenon  deserving  special  atten- 
tion. Knowing  tliat  the  carbonic  acid  which  is  the  outcome  of 
the  respiration  of  the  whole  body  is  the  result  of  the  oxidation  oi 
carbon -holding  substances,  we  might  very  naturally  suppose  that 
the  increased  production  of  carbonic  acid  attendant  on  the 
development  of  rigor  mortis  is  due  to  the  fact  that  during  that 
event  a  certain  quantity  of  the  carbon-holding  constituents  of  the 
muiicle  are  suddenly  oxidized.  But  such  a  view  is  negatived  by 
the  following  tacts.  In  the  first  place,  the  increased  production 
of  carbonic  acid  daring  rigor  mords  is  not  accompanied  by  any 
corresponding  increase  in  the  consumption  ot  oxygen*  In  the 
second  place,  a  rausde  (of  a  frog  for  instance)  conlams  in  itself 
no  free  or  loosely  attached  oxygen  ;  when  subjected  to  the  action 
of  a  mercurial  air-pump  it  gives  off  no  oxygen  to  a  vacuum, 
offering  in  this  respect  a  marked  contrast  to  blood,  and  yet,  when 
placed  in  an  atmosphere  free  from  oxygen,  it  will  not  only  continue 
to  give  otf  carbonic  acid  while  it  remains  alive,  but  will  also 
exhibit  at  the  onset  of  rigor  mortis,  the  same  increased  production 
of  carbonic  acid  that  is  shewn  by  a  muscle  placed  in  an  atitio- 
sphere  contaming  oxygen.  It  is  obvious  that  m  such  a  case  the 
carbonic  acid  does  nut  arise  from  the  direct  oxidation  of  the 
muscle  substance,  for  there  is  no  oxygen  present  at  tM  time  to 
carry  on  that  oxidation.  We  are  driven  to  sujipose  thai  during 
rigor  mortis,  some  complex  body,  containing  in  itself  ready  formed 
carbonic  acid  so  to  speak,  is  split  np  and  thus  carbonic  acid  set 
free,  the  process  of  oxidation  by  which  that  carbonic  acid  was 
formed  out  of  the  carbon-holding  constituents  of  the  muscle 
having  taken  place  at  some  anterior  date, 

ll  is  found  moreover  that  there  is  a  certain  amount  of  parallelism 
between  the  intensity  of  ihu*  rigor  mortis,  the  degree  of  acid  reactioit 
(i.^.  the  amount  of  sarcolactic  acid  formed)  and  the  quantity  of  car- 
bonic  acid  given  out,  If  we  suppose,  as  we  fairly  may  do,  that  the 
intensity  of  the  rigidity  is  dependent  on  the  quantity  of  myosin 
dcposMud  m  the  fibres,  the  parallelism  between  the  three  products, 
myosin,  sarcolactic  add,  and  carbonic  acid,  would  suggest  the  idea 
thai     "  arc  the  results  of  the  splitting  up  of  the  same  highly 

'^wii  ince.     But  we  have  not  at  present  succeeded  in  isolating 

Hi  wm.  1 VM3C  dcftniiely  proving  the  existence  of  such  a  body. 
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Living  resting  muscle  ihen  is  alkaline  or  ncutml  in  reaction,  and 
le  siibstaoce  of  its  fibres  contains  a  coagulable  plasma.  Dead 
id  muscle  on  the  other  hand  is  acid  in  reaction,  from  the  pre- 
tncc  of  sarcolactic  acid  ;  it  no  longer  contains  a  coagulable  plastnn, 
It  is  bilcn  with  the  solid  myosin.  And  the  change  from  the 
nng  irritable  condition  to  that  of  rigor  mortis  is  accompanied  by 
lar^c  and  sudden  development  of  carbonic  acid. 
,Wc  may  now  return  to  the  question,  What  arc  the  phemical 
which  take  place  when  a  living  resting  muscle  enters  into 
contraction  ?  These  changes  are  most  evident  after  the  muscle 
bas  been  subjected  to  a  prolonged  tetanus  ;  but  there  can  be  no 
>ubt  that  the  chemical  events  of  a  tcunus  are,  like  the  physical 
rents,  simply  the  sura  of  the  results  of  the  constituent  single 
contractions. 

In  the  first  place,  the  muscle  becomes  acid,  not  so  acid  as  in 

rigor  mortis,  but  still  sufficiently  so,  after  a  vigorous  tetanus,  to 

blue  litmus  distinctly  red.     The  reddening  like  that  of  rigor 

lortts  is  permanent,  and  therefore  cannot  be  due  to  carbonic 

;  it  is  probably,  as  in  the  case  of  rigor  mortis,  caused  by  a 

:veiopment  of  sarcolactic  acid. 

In  the  second  place,  a  considerable  quantity  of  carbonic  acid 
set  free  ;  and  the  production  of  carbonic  acid  in  muscular  con- 
tion  runs  altogether  [jarallel  to  the  production  of  carbonic  acid 
ing  rigor  mortis.  It  is  not  accompanied  by  any  corresponding 
in  the  consumption  of  oxygen.  This  is  evident  even  in  a 
kttscle  through  which  the  circulation  of  blood  is  still  going  on,  for 
tgh  the  blood  passing  through  a  contracting  muscle  gives  up 
lore  oxygen  than  the  blood  passing  through  a  resting  muscle,  in- 
in  the  amount  of  oxygen  taken  up  falls  below  the  increase 
the  carbonic  acid  given  out,  but  >t  is  still  more  markedly  shewn 
a  muscle  removed  from  the  body.  For  in  such  a  muscle  both 
le  contraction  and  the  increase  in  the  production  of  carbonic  acid 
ill  go  on  in  the  absence  of  oxygen,  A  frog's  muscle  suspended 
an  atmosphere  of  nitrogen  wdl  remain  irritable  for  some 
msidcrable  time,  and  at  each  vigorous  tetanus  an  increase  in  the 
roduclion  of  carbonic  acid  may  be  readily  ascertained^ 
Moreover  there  seems  to  be  a  correspondence  between  the 
;y  of  the  contraction  and  the  amount  of  carbonic  acid  and 
Ifcoiactic  acid  protluced,  so  that  we  are  naturally  led  to  the  view 
It  in  a  muscular  contraciion  as  in  rigor  mortis,  some  highly  corn- 
substance  splits  up,  and  thus  gives  rise  to  these  two  acids. 
here  the  resemblance  between  rigor  mortis  and  contraction 
We  have  oo  evidence  of  the  formation  during  a  contraction 
any  body  iike  myosin.     Rigor  mortis  and  contraction  are  alike 


in  so  far  as  they  both  have  for  their  basis  a  complex  chemical  prp- 
cc:!iis  giving  rise  to  the  formation  of  certain  acids,  and  in  both 
events  we  have  a  rise  of  temperature  indicating  that  heat  has  been 
set  (rt:t.  But  the  contracted  and  rigid  muscle  differ  essentially  in  the 
fact  that  while  the  former,  as  compared  with  living  resting  muscle, 
increases  in  extensibility  and  loses  none  of  its  translucency,  the 
latter  becomes  less  extensible,  less  elastic^  and  less  translucent. 
Corresponding  to  this  marked  difierence,  we  find  myosin  formed 
in  the  rigid  muscle,  but  we  cannot  find  it  in  the  contracted 
muscle 

It  is  stated  by  Hermann  that  in  frog's  muscle  separated  from  the 
body,  the  quantity  of  caibonic  acid  given  out  during  rigor  mortis  is  in 
inverse  proportion  to  the  quantity  given  out  by  the  contractions  which 
have  taken  place  since  the  removal  of  the  muscle  from  ihe  blood> 
current.  The  more  ihc  muscle  has  conlracted  during  this  period  the 
less  the  amount  of  carbonic  acid  given  out  in  the  final  rigor,  and  via 
versa.  From  this  it  is  inferred  that  at  the  moment  of  separation  from 
the  body,  the  muscle  contains  a  certain  capital  of  carbonic-acid-pro* 
diicing  niaterial  (to  wit,  the  substance  whose  explosive  decomposition 
we  have  supposed  to  give  rise  to  this  and  other  bodies)  which  may  be 
expended  either  in  rigor  mortis  or  in  contraction,  but  which,  trom  the 
absence  of  blood,  cannot  be  replaced.  Consequently  the  expenditure 
in  the  direction  of  contraction  must  come  out  of  the  share  ailoltcd  to 
rigor  mortis.     To  this  point  we  shall  return. 

The  other  chemical  changes  in  muscle  have  not  yet  been  clearly 
made  out.  Indeed  our  whole  information  concerning  the  other 
chemical  constituents  of  muscle  is  at  present  imperfect 

Fats  are  present  in  considerable  quantities,  and  the  extractives 
are  varied  and  numerous.  The  most  important  are  kreatin,  sarco- 
lactic  or  paralactic  acid  (a  variety  of  lactic  acid,  differing  from  it 
chietly  in  the  solubility  of  its  salts,  and  in  the  amount  of  water  of 
cr>'stallizalion  contained  in  them),  and  sugar  To  these  Yuay  be 
added  xanthin,  hypoxanthin  (sarkin),  inosit  (cspecialLy  in  the 
cardiac  muscles),  inosinic  acid  and  traces  of  uric  acid.  Except  in 
jMLthological  conditions  (and  in  the  plagiostome  fishes)  urea  is  con- 
spicuous by  its  absence.  In  living  muscle  glycogen  is  frequently 
present,  and  is  at  the  death  of  the  muscle  transformed  into  sugar. 
Dextrin  has  also  been  found  ;  and  a  special  fermentable  muscle- 
sugar  has  been  described.  It  has  been  much  debated  whether 
kreatin  or  kreatinin,  or  both,  are  present  in  muscle ;  the  evidence 
goes  to  shew  that  kreatin  alone  is  present. 

The  ashes  of  muscle,  like  those  of  the  red  corpuscleSj  are 
characterised  by  the  preponderance  of  potassium  salts  and  of 
phosphates;  these  form  in  fact  nearly  go  p.  c.  of  the  whole 
■4»h. 
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The  general  composition  of  human  muscle  is  shewn  in  the 
following  table  of  v.  Bibra. 


Water     ,.. 

Solids 

Myosin  and  other  matters,  elastic  ele- 
ments, ^c,  insoluble  in  water      ...    ^55*4 

Soluble  proteids  193 

Gelatin  207 

Extractives        37*1 

Fats ...         ...      230 


744*5 


255*5 


Hetmboltz  shewed  long  ago  that  by  continued  contraction  the 

substances   in   muscle  which  are  soluble  in   water,  1./.  the  aqueous 

extractives,  arc  diminished,  while  those  which  are  soluble  in  alcohol 

arc  increased.     In  other  words,  during  contraction  some  substance  or 

substances  soluble  in  water  are  converted  into  another  or  other  sub- 

[stances  insoluble  in  water  but  soluble  in  alcohol.     Ranke  ^  concluded 

rom  his  observaiiiMis  that  the  proteids  are  slightly  diminished,  ana 

th-it  sugar  and  fats  are  produced  ;  but  the  dati  for  these  conclusions 

[a.rc,  at  present  at  all  events,  insufficient.     It  has  been  suggested   that 

Lbe  glycogen  naturally  present  in  muscle  is  during  contraction  con* 

rcrted  into  sugar.     The  failure  to  obtain  any  satisfactory  e\^idencc  of 

ic    production   of   nitrogenous    crystalline   bodies   as   tbe   result    of 

;ontruction   is  of  interest  ;    for  though   urea  is  conspicuous   by  its 

rnce  from  muscle  both  during  rest  and  after  contra  tion,  some 

have  thought  that  the  krcatin  in  muscle  is  increased  by 

:  thi^  has  not  been  definitely  proved. 

73itf  Changes  in  a  Netvt  during  tht  passage  of  a  Nenwits 
Impulse, 

The  change  in  the  form  of  a  muscle  during  its  contraction  is  a 
thing  which  can  be  seen  and  felt ;  but  the  changes  in  a  nerve  during 
activity  are  invisible  and  impalpable.  We  stimulate  one  end  of 
nerve,  and  since  we  see  this  followed  by  a  contraction  of  the 
(uncle  attached  to  the  other  end,  we  know  that  some  changes  or 
jther  constituting  a  nervous  impulse  have  been  propagated  along 
IC  nerve,  but  these  are  changes  which  we  cannot  sec.  Nor  have 
ft  satisfactory  evidence  of  any  chemical  events  or  of  any  produc- 
ton  of  heat,  accompanying  a  nervous  impulse.  We  may  fairly 
)sc  that  ioftte  chemiral  changes  form  the  basis  of  a  nervous 
Isc,  and  that  these  changes  set  free  a  certain  amount  of  heat, 
if  they  occur  are  too  slight  to  be  recognized  satisfactorily 
the  means  at  present  at  our  disposal    In  fact,  beyond  the 

*  Tftanm,  1865. 
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terminal  results  of  a  nervous  impulse,  such  as  a  muscular  contrac- 
tion in  the  case  of  a  nerve  going  to  a  musdc,  or  some  affection  of 
the  central  nervous  system  in  tlie  case  of  a  nerve  still  in  connection 
with  its  nervous  centre,  there  is  one  event  and  one  event  only 
which  we  are  able  to  recognize  as  the  objective  token  of  a 
nervous  impulse,  and  that  is  the  so-called  negative  variation  of  the 
n.rvc-currcnt.  For  a  piece  of  nerve  removed  from  the  body 
exhibits  nearly  the  same  electric  phenomena  as  a  piece  of  muscle. 
It  has  an  equator  which  is  electrically  positive  as  compared  to  its  two 
cut  ends,  in  fact  the  diagram  Fig.  13,  and  the  description  which 
it  was  used  on  p,  63  to  illustrate,  may  be  applied  to  nerve  as  well 
as  to  muscle,  except  that  the  currents  are  in  all  cases  much  more 
feeble  m  the  case  of  nerves  than  of  muscles,  and  the  special 
currents  from  the  circumference  to  the  centre  of  the  transverse 
sections  cannot  well  be  shewn  in  a  slender  nerve  ;  indeed  it  is 
doubtful  if  they  exist  at  all. 

Du  Bois- Raymond  *  found  the  electro-motive  force  of  the  sciatic 
nerve  of  a  frog  to  amount  to  •022  Daniell,  while  that  of  the  rabbit  did 
not  ex'jeed  026  Daniell.  Engeluann  '  huwcver  obtained  for  the 
sciatic  of  the  frog  a  value  of  '046  Danielli 

During  the  passage  of  a  nervous  impulse  the  'natural  nerve- 
current  '  undergoes  a  negative  variation,  just  as  the  *  natural  muscle- 
current  '  undergoes  a  negative  variation  during  a  contraction.  There 
arehow^ever  difficulties  in  the  case  of  the  nerve  similar  to  those  in 
the  case  of  the  muscle,  concerning  the  pre-existence  of  any  such 
*  natural '  currents  ;  hL-nce  we  may  say  that  in  a  nerve  during  the 
passage  of  a  nervous  impulse,  as  in  a  rauscle  during  a  muscular 
contraction,  a  *  current  of  action  '  is  tleveloped. 

This  •  current  of  action  '  or  '  negative  variation  '  may  be  shewn 
either  by  the  galvanometer  or  by  the  rhcoscopic  frog.  If  the 
nerve  of  the  *  rauscle-oerve  preparation  '  B  (see  p.  67)  be  placed  in 
an  appropriate  manner  on  a  thoroughly  irritable  nerve  A  (to  which 
of  course  no  muscle  need  be  attached),  i.e.  touching  say  the  equator 
and  one  end  of  the  nerve,  then  single  induction-shocks  sent  into 
the  far  end  oi  A  will  cause  singk'  spasms  in  the  muscle  of  /?,  while 
tetanization  of  ^,  t'.e.  rapidly  repeated  shocks  sent  into  A^  will 
cause  tetanus  of  the  muscle  of  B. 

That  this  current,  whether  it  be  regarded  as  an  independent 
'current  of  action 'or  as  a  negative  variation  of  a  '  pre-exi^iring  * 
current,  is  an  essential  feature  of  a  nervous  impulse  is  shewn  by 
the  fact  that  the  degree  or  intensity  of  the  one  varies  with  that  qj 

*  Gejammelit  Abkandl^  US77),  tl.  232. 

•  Pfliiger's  Arthiv,  XV.  (1877),  p.  2 1 1. 
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the  other  They  both  travel  too  at  the  same  rale.  In  describing 
the  rauscle^urve,  and  the  nit^thod  of  measuring  the  muscular 
latent  period,  we  have  incidentally  shewn  (p.  51)  how  the  velocity 
of  the  nervous  impulse  is  measured  also,  and  stated  that  the  rate 
in  the  nerves  of  a  frog  is  about  28  metres  a  second.  Bernstein  by 
means  of  an  apparatus  which  is  described  on  p.  106  finds  that  the 
negative  variation  travels  along  an  isolated  piece  of  nerve  at  the 
game  rate.  He  also  finds  that  it,  like  Ihe  molecular  change  in  a 
muscle  preceding  the  contraction,  and  indeed  like  the  contraction 
itself,  passes  over  any  given  spot  of  the  nerve  in  the  form  of  a 
wave,  rising  rapidly  to  a  maximum  and  then  more  gradually  de- 
clining again.  He  has  been  able  to  measure  the  length  of  the 
wave,  and  this  he  finds  to  be  about  iS  mm.,  takmg  '0007  sec.  to 
pass  over  any  one  point 

When  an  isolated  piece  of  nerve  is  stimulated  in  the  middle, 
the  negaiivc  variation  is  propagated  equally  well  in  both  directions, 
and  thai  whether  the  nerve  be  a  chiefly  sensory  or  a  chieHy  motor 
ner\e,  or  indt?ed  if  it  be  a  nerve-root  compo'^ed  exclusively  of 
r  or  of  sensory  fibres.  Taking  the  negative  v.irialion  as  the 
1  of  a  tjervdus  impulse,  we  infer  from  this  that  when  a  nerve- 
is  stimulated  artificially  at  any  part  of  its  course,  the  nervous 
!se  set  going  travels  in  both  directions. 
e  used  just  now  the  phrase  *  tetanization  of  a  nerve,' 
ling  the  application  to  a  nerve  of  rapidly  repeated  shocks 
nicfa  ax  would  produce  tetanus  in  the  muscle  to  which  the  nerve 
was  attached,  and  we  shall  have  frequent  occasion  to  employ  the 
phrase.  It  will  however  of  course  be  understood  that  there  is  in 
the  nerve  as  far  as  we  know  no  summation  of  nervous  impulses 
comparable  to  the  summation  of  muscular  contractions.  The 
series  of  shocks  sent  in  at  the  far  end  of  the  nerve  start  a  series 
of  impulses,  these  travel  down  the  nerve  and  reach  the  muscle  as 
M^»enes  of  dis^tinct  impulses ;  and  the  first  changes  in  the  muscle, 
^^^e  molecular  latentperiod  changes,  also  form  a  series  the 
^^Keinbcrs  of  which  are  distinct.  It  is  not  until  these  molecular 
^^Hiangcs  become  transformed  into  visible  changes  of  form  that  any 
^^ision  or  summation  takes  place. 

I  Putting  together  the  facts  contained  in  this  and  the  preceding 

I     ^e^tfon«.  the  tullowing   may   bt*   taken   as  a   brief  approximatt; 
'   what  takes  place  in  a  muscle  and  nerve  when  the  latter 
;d  to  a  single  induction-shock.     At  the  instant  that  the 
firrent  passes  into  the  nerve,  changes  occur,  of  whose 
know  nothing  certain  except  that  they  cause  a  '  nega- 
variation  '  of  the  *  natural  *  nerve-current      These  changes 


propagate  themselves  along  the  Derve  in  both  directions  as  a 
nervous  impulse  in  the  form  of  a  wave,  having  a  wave-length  of 
about  1 8  mm.,  and  a  velocity  (in  frog's  nerve)  of  about  28m.  per 
sec.  Passin^^  d^  wn  the  nerve-fibres  to  the  muscle,  flowing  along  ihc 
branching  and  narrowing  tracts,  the  wave  at  last  breaks  on  the 
end-plates  of  the  fibres  of  the  muscle.  Here  it  is  transmuted 
into  a  rauscleitnpulse,  with  a  shorter  steeper  wave,  and  a  greatly 
diminished  velocity  (about  3  m.  per  sec).  This  muscle- impulse, 
of  which  we  know  hardly  more  than  that  it  is  marked  by  a 
negative  variation  in  the  muscle-current,  travels  from  each  end- 
plate  in  both  directions  to  the  end  of  the  fibre.  What  there 
becomes  of  it  we  do  not  know,  but  it  is  immediately  followed  by 
the  visible  con  tract  ion -wave,  travelling  behind  it  at  about  the  same 
rate,  but  with  a  vastly  increased  wavelength.  The  fibre,  as  the 
wave  passes  over  it,  swells  and  shortens,  bringing  its  two  ends 
together,  its  molecules  during  the  change  of  form  arranging  them- 
selves in  such  a  way  that  the  extensibility  of  the  fibre  is  increased,  ^ 
while  at  the  same  time  an  explosive  decomposition  of  material  fl 
takes  place,  leading  to  a  discharge  of  carbonic  and  sarcolaclic  " 
acids,  and  probably  of  other  unknown  things,  with  a  considerable 
development  of  heat. 
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Sec  $.  The  Nature  or  the  Changes  through  which  an 
Electric  Current  is  able  to  generate  a  Nervoiis 
Impulse,  ^M 

Action  of  the  Constant  Current.  ^^ 

In  the  preceding  account,  the  stimulus  applied  in  order  to 
give  rise  to  a  nervous  impulse  has  always  been  supposed  to  be  an 
induction  shock,  single  or  repeated.  This  choice  of  stimulus  has 
been  made  on  account  of  the  almost  momentary  duration  of  the 
induced  current.  Had  we  used  a  current  lasting  for  some  con- 
siderable time,  the  problems  before  us  would  have  become  more 
complex  in  consequence  of  our  having  to  distinguish  between  the 
events  taking  place  while  the  current  was  passing  through  the 
nerve  from  those  which  occurred  at  the  moment  when  the  current 
was  thrown  into  the  nerve  or  at  the  moment  when  it  was  shut  off 
from  the  nerve.  These  complications  do  arise  when  instead  of 
employing  the  induced  current  as  a  stimulus,  we  use  a  Ci>nifant 
eurrentt  i.e.  when  we  pass  through  the  nerve  {or  mus-cle)  a  cur- 
rent direct  from  the  battery  without  the  intervention  of  any 
induction-coil. 

Ikfore  making  the  actual  experiment,  we  might  perhaps 
rally  suppose  that  the  constant  current  would  act  as  a  stimulus 
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throughout  the  whole  time  during  which  it  was  applied,  that,  so 
»Dg  as  the  current  passed  along  the  nerve,  nervous  impulses 
>uld  be  generated  and  thus  the  muscle  thrown  into  something  at 
"all  events  like  tetanus.  And  under  certain  conditions  this  does 
take  place ;  occasionally  it  happens*  that  at  the  moment  the 
irrent  is  thrown  into  the  ner\'e,  the  muscle  of  die  niubtie-nerve 
jaration  falls  into  a  tetanus  which  is  continued  until  the  current 
It  off.  But  such  a  result  is  exceptional  In  the  vast  majority 
what  happens  is  as  follows.  At  the  moment  that  the 
circuit  is  made,  the  moment  that  the  current  is  thrown  inio  the 
icr\'e,  a  single  spasm,  a  simple  contraction,  the  so  called  making 
t/rattion,  is  witnessed ;  but  after  this  has  passed  away  the 
lUficle  rereiains  absolutely  quiescent  in  spite  of  the  current 
^niiouing  to  paj^s  through  the  nerve,  and  this  quiescence  is 
laintained  until  the  circuit  is  broken,  until  the  current  is 
tut  off  from  the  ner\'e,  when  another  sin-pie  contraction, 
ic  so<aUcd  trtaking  amtractwn^  is  observed.  The  mere  passage 
a  uniform  constant  current  of  uniform  intensity  through  a 
tervc  does  not  act  as  a  stimulus  generating  a  nervous  impulse; 
such  an  impulse  is  only  set  up  when  the  current  either  falls  into 
or  \%  shut  olf  from  the  ner\'e.  It  is  the  entrance  or  the  exit  of 
the  airreni,  and  not  the  continuance  of  the  current,  which  is  the 
stimulus. 

The  quiescence  of  the  nerve  and  muscle  during  the  passage  of 
current  is  however  dependent  on  the  current  remaining  uniform 
_iiitcni>iiy  or  at  least  not  being  suddenly  increased  or  dinunished. 
ifficicnily  sudden  and  large   increase  or  diminution  of  the 
Dty  of  the  current^  will  act  like  the  entrance  or  exit  of  a 
rent,  and  by  geTierating  ncr%'ous  impulses  give  rise  to  contrac- 
If  the  intensity  of  the  current  however  be  very  slowly  and 
tly  increased  or  diminished,  a  very  wide  range  of  intensity 
be  passed  through  without  any  contraction  being  seen.     It  is 
iQ  sudden  change  from  one  condition  to  another,  and  not  the 
mdition  itself,  which  causes  the  nervous  impulse. 
In  Rjany  cases,  both  a  *  making'  and  a  *  breaking'  contraction, 
:h   a  simple   spasm,    are  observed,  and    this   is   perhaps   the 
^mmonest  event ;  but  under  conditions  which  will  be  discussed 
:low   either  the    breaking  or   the  making  contraction  may  be 
It,  i.e.  there  may  be  a  contraction  only  when  the  current  is 
rown  into  the  nerve  or  only  when  it  is  shut  oflF  from  the  nerve. 
Under  ordinary  circumstances  the  contractions  witnessed  with 
kStant  current  either  at  the  make  or  at  the  break,  are  of  the 
_      of  a  *  simple '  contraction,  but,  as  has  ah-eady  been  said, 
application  of  the  current  may  give  rise  to  a  v«iry  pronounccfi 
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tetanus.  Such  a  tetanus  is  seen  sometimes  when  the  current^is 
made,  lasting  during  the  application  of  the  current,  sometimes 
when  the  current  is  broken,  lasting  some  time  after  the  current 
has  been  wholly  removed  from  the  nerve.  The  former  is  spoken 
of  as  a  'making,'  the  latter  as  a  *  breaking'  tetanus.  But 
these  exceptional  results  of  the  constant  current  need  not  detain 
us  now. 

The  great  interest  attached  to  the  action  of  the  constant 
current  lies  in  the  fact,  that  during  the  passage  of  the  current,  in 
spite  of  the  absence  of  all  nerv'ous  impulses  and  therefore  of  all 
muscular  contractions,  the  nerve  is  for  the  Hme  both  between  and 
on  each  side  of  the  electrodes  profoundly  modified  in  a  most 
peculiar  manner.  This  modification,  important  both  for  the  light 
it  throws  on  the  generation  of  nervous  impulses  and  for  its 
practical  applications,  is  knovvn  under  the  name  of  electrotonus. 

Electrotonus.  The  marked  feature  of  the  electrototuc 
condition  is  that  the  nerve  though  apparently  quiescent  is  changed 
in  respect  to  its  irritability  ;  and  that  in  a  different  way  in  the 
neighbourhood  of  the  two  electrodes  respectively. 

Suppose  that  on  the  nerve  of  a  muscle-nerve  preparation  are 
placed  two  (non-polarizable)  electrodes  (Fig.  14,  a^  k)  connected 
with  a  battery  and  arranged  with  a  key  so  that  a  constant  current 


a 


a 


Fte.  14'    MwsctB-miavB  pKCPAnATtoHs:,  with  ihc  nerve  ecpoicd  ia  ^  loa  ds^mdiwtg\ 
b  B  to  an  a*crttdi»f  conttant  cunxnt. 


In  each  a  Is  the  afiode.  *  the  kalhode  of  the  cwtstiuit  cvirrent, 
whcf*  th«  Buiuclioii^lKKlu  uwd  10  Ce»t  tb*  imtal^ty  of  the  nerve  are  seat  m. 
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cm  at  pleasure  be  thrown  into  or  shut  ofT  from  the  nerve.  This 
constant  current,  whose  elTccts  we  are  about  to  study,  may  be 
called  the  *  polarizing  current.*  Let  a  be  the  positive  electrode 
or  anode,  and  >t  the  negative  electrode  or  kathode,  both  placed  at 
some  distance  from  the  muscle,  and  also  with  a  certain  interval 
Uctwcen  each  other.  At  the  point  x  let  there  be  applied  a  pair 
of  electrodes  connected  with  an  induction-machine.  Let  the 
muscle  further  be  connectctl  with  a  lever,  so  that  its  contractions 
ran  be  recorded,  and  their  amount  measured.  Before  the  polar- 
iviTi-  current  is  thrown  into  the  nerve,  let  a  single  induction-shock 
ti  known  intensity  (a  weak  one  being  chosen,  or  at  least  not  one 
hich  would  cause  in  the  muscle  a  maximum  contraction)  be 
irown  in  at  x,  A  contraction  of  a  certain  amount  will  follow. 
It  contraction  may  be  taken  as  a  measure  of  the  irritability 
the  nerve  at  the  point  x.  Now  let  the  polarizing  current 
thrown  in,  and  let  the  direction  of  tlie  current  be  a  diStYHding 
ic,  with  the  kathode  or  negative  pole  nearest  the  muscle,  as 
;.  14 /f.  If  while  the  current  is  passing,  the  same  induction- 
as  before  be  sent  through  jr,  the  contraction  which  results 
[It  be  found  to  be  greater  than  on  the  former  occasion.  If 
ing  current  be  shut  off,  and  the  point  x  after  a  short 

_,ain  tested  with  the  same  induction-shock,  the  contraction 

ill  be  no  longer  greater,  but  of  the  same  amount,  or  perhaps 

so  great,  as  at  fir'st.     During  the  passage  of  the  polarizing 

rnt,  therefore,  the  irritability  of  the  nerve  at  the  point  x  has 

temporarily  ittcnased,  since  the  same   shock  applied  to  it 

a  greater  contraction   during  the  presence   than   in   the 

of  the  current.     But  this   is  only  true  so  long  as   the 

ing  current  is  a  descending  one,  so  long  as  the  point  x  lies 

side  of  the  kathode.     On  the  other  hand,  if  the  polarizing 

irrmf  had  been  an  ascending  one,  with  the  anode  or  positive  pole 

e  muscle,  as  in  Fig.  14  B^  the  irritability  of  the  nerve  at 

ive  been  found  to  be  diminished  instead  of  increased  by 

■mg  current.     That  is  to  say,  when  a  constant  current  is 

'  a  nerve,    the  irritability   of    the   nerve  between   the 

liai  rodes  and  the  muscle  is,  during  the  passage  of  the 

Licd  when  the  kathode  is  nearest  the  muscle  (and  the 

►Unzmg  current  descending)  and  diminished  when  the  anode  is 

5t  tJic  muscle  (and  the  ]>olarizing  current  ascending).     The 

rcatilt,  mutatis  mutandis^  and  with  some  qualifications  to  be 

fcncd  t<»  directly,  would  be  gained  if  .r  were  placed  not  between 

muiKtle  and  the  polariring  current,  but  on  the  far  side  of  the 

Hence  it  may  be  stated  generally  that  during  the  passage 

conftunt  current  through  a  nerve  the  irritability  of  the  nerve 

F  r 
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I*  ificreaMcd  in  the  region  of  the  kathode,  and  ifimintsbed  in  the 
rcyiof)  uf  the  anode.  The  changes  in  the  ncne  \\'  '  e  nse lo 
thti  inrr^aiM^  of  irritability  in  the  region  of  tKe  ka.'.  spolLcn 

oC  rrff/tmui,  and  the  nerve  is  said  to  be  m  a  k^ielcctro* 

tmi  'n.    Similarly  the  changes  in  the  region  of  the  anode 

ftfe  H]y>kt;ii  of  as  aruhctrotonus^  and  the  nerve  is  said  to  be  in 
an  ariek'ctrotonic  condition.  It  is  also  often  nsoal  to  speak  of 
the  kateJectrotonic  increase,  and  anelectrotoruc  decrekse  nl 
irritability. 

Thii  law  remains  true  whatever  be  tljc  mode  adopted  for  deter- 
mining the  irritability.  The  result  holds  good  not  only  with  a 
»ing)c  inrliiction-shock,  but  also  with  a  tetaniziog  interrupted 
corr*  'ff  '"'ii  f  licmical  and  with  mechanical  stimuli.  The  increase 
af»«i  of  irritability  are  most  marked   in  the  immediate 

nc*|^i>ii..  wrM;0(l  of  the  electrodes,  but  spread  for  a  considerable 
difttancc  in  cither  direction  in  the  extrapolar  regions.  The  same 
inodiTiciition  jr  not  confined  to  the  extrapolar  region,  but  exists 
al»o  III  the  inirnfKilar  region.  In  the  intrap>olar  region  there  must 
Imi  f  i  ■;  rent  point,  where  the  katelectrotonic  in 

flic  r  f  trotnnic  decrease,  and  where  therefore 

imtaUiluy  ih  ihk  U.iugcd.  VV^hen  the  polarizing  current  is  a 
<mir,  \\\\s  in<IJfftTcnt  point  is  nearer  the  anode  than  the  kathode,  but 
as  the  pf)l,in/itig  current  increases  In  intensity,  draws  nearer  and 
nearer  tiio  kutliode  (^ee  Fig.  15). 


fto.  i-i      .'..xiHAiKi  Ij.i,u*t»i^tinc  tw«  Vacations  of  Iijkitaijiutv  cuHiwrfl  Eu 

"TOWU*.   WITH    IVlUAKUIMr.  CfXiMXHTS  OF  IlfCKKAfrtKG   Intknsitv*      (Frum  PHOKer)^ 

TV.„    .,,,.,1,    ,.    .,,r.,,..  .J  ...  1..  .,Krn,i   .,^  A     ii...  L-..l,n(,.  ,rB;  All  i*  ^or,.,  ,,,.  ..,k.  ,Ke 

!  I  tie  curve  Ij"-  I  liric 

.    A.      In    I-      V  ^i, 

..'.iKm  uf  irrn  ■:  "iiu» 

.^_:^.,    .     . ^.    _.  .     _„-^. ^.^-.. UcCUOtB.      lujt,   i„,    _--.„    ^ u    JiXm 
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The  kate]ectrotonic  increase  and  anclcctrotonic  decrease  reach  a 
mm  soon  after  the  making  of  the  polarizing  current,  and  thence- 
gradually  diminish.  The  two  effects  however  are  not  quite 
llcl  The  IcatL'lcctrotonic  increase  is  the  first  to  be  developed  ;  it 
lly  rises  to  a  maximum  and  somewhat  rapidly  declines.  The  an- 
rolonic  decrease  15  not  manifest  at  first ;  when  it  does  appear 
Increases  slowly,  and  having  reached  a  maximum  diminishes  slowly 
rain. 
When  the  polarizing  current  is  shut  off  there  is  a  rebound  at  both 
*  poles  :  a  temporary  increase  of  irritability  in  the  anclcctrotonic  and  a 
temporary  decrease  in  the  katelectrotonic  re^ons. 

The  amount  of  increase  and  decrease  is  dependent :  (i)  On  Uie 
igth  of  the  current,  the  stronger  current  up  to  a  certain  limit 
being  the  greater  effect  (2)  On  the  irritability  of  the  nerve, 
the  more  irritable,  better  conditioned  nerve  being  the  more  affected 
by  a  current  of  the  same  intensity. 

The  increase  or  decrease  of  irritability  applies  not  only  to  the 

I  origination  of  impulses,  but  also  to  their  propagation  or  conduction. 

,t  least  anelectrotouus  offers  an  obstacle  to  the  passage  of  a 

lervous  impulse. 

These  variations  of  irritability  at  the  kathode  and  anode  respcc- 

'livcly  must  be  the  result  of  molecular  changes,  brought  about  by 

the  action  of  the  constant  current-     They  are  interesting  because 

i they  shew  that  the  generation  of  a  nervous  impulse  as  the  result  of 

[the  making  or  breaking  of  a  constant  current  is  dependent  on  the 

rhange  ol  a  nerve  from  its  normal  condition  into  either  katelectro- 

[tontis  or  anclectrotonus,  or  back  again  from  one  of  these  phases 

into  its  normal  condition.     And  certain  phcnoinena  which  will  be 

lescribed   below  under  the  heading  of  the  *  law  of  contraction  * 

go  far  to  shew  that  a  nervous  impulse  is  generated  only  when  a 

re  passes  suddenly  from  a  normal  condition  into  the  phase  of 

Icctrotonus  (making  contraction)  or  returns  from  the  phase  of 

lectrotonus  (breaking  contraction)  to  a  normal  condition,  in 

►thcr  words,  when  it  passes  suddenly  from  a  phase  of  lower  to  a 

of  higher  irritability. 

An   induction -shock   is   a  current    of    very    short    duration 

developed    very    suddenly    and    disappearing    mare    gradually. 

Hence  when  it  falls  into  a  ner\'e,  the  nerve  undergoes  a  sudden 

•-—    •■  n  from  its  normal  condition  to  the  katelectrotonic  phase, 

equcntly  a  nervous  impulse  giving  rise  to  a  contraction  is 

lit.     The  return  from    the  anelectrotonic  phase    to   the 

'jondilion  is  mure  gradual,   and  accordingly  no   nervous 

ted  and  no  contraction  is  witnessed.     Wc  might 

Li  from  the  anelectrotonic  phase  to  the  normal 

ion  appears  from   a  number  of  considerations  to  be   less 
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effective  as  a  generator  of  nervous  impulses  than  the  change  from 
the  normal  condition  to  the  katelectrotonic  phase.  Hence  in  the 
induced  current  we  ivive  to  deal  with  a  '  making '  contraction 
only,  the  breaking  contraction  being  absent.  This  is  true  whether 
the  induced  current  be  produced  by  the  making  or  the  breaking 
of  a  constant  current. 

Law  of  Contraction.     At  the  nniking  of  a  constant  current*  tKAn. 
there  is  set  up  a  coriduion  of  katelectrotonus  and  of  anclecirot 
on  the  breakmj^  of  the  current  these  conditions,  with  more   lt 
rebound,  disappear.      What   have  these    changes    to   do   with   th« 
generation  of  nervous  impulses  ? 

It  has  already  been  stated  that  when  a  constant  current  is  applied 
to  a  nerve,  a  contraction  is  caused  in  the  muscle,  i€.  a  ntrvous  impulse 
is  started  in  the  nerve,  either  at  the  make  or  at  the  break,  or  at  both- 
On  further  examination  it  is  found  that  the  occurrence  or  non-tx;currence 
of  a  contraction  depends  on  the  direction  {i.£.  whether  descending 
with  the  kathode  nearest  the  muscle.  Fig.  14,  A,  or  ascendiu)^  with  the 
anode  nearest  the  muscle^  Fig,  14,  Bj  and  the  intensity  of  the  cur- 
rent. The  results  have  been  formulated  in  the  following  *law  of 
contraction.' 

Descending.  Ascending. 

Make     Break  Make     Break 

Vcrv  Weak  C        —  —        _ 

Weak  C        —  C         — 

Moderate      C         C  C         C 

Strong  C        —  —         C 

where  C  indicates  a  contraction.  This  law  becomes  intelligible  if  we 
suppose  that  nervous  impulses  are  originated  only  by  the  rise  of 
kalelcctrotonus,  and  by  the  fall  of  anelectrotonus,  and  not  at  all  by  the 
rise  of  anelectrolunus,  or  by  the  fall  of  katelectrotonus,  or  by  the 
steady  maintenance  of  cither.  Remembering  that  in  katelectrotonus 
irritabiliiy  is  incrciiscd  and  in  anelectrotonus  diminished,  wc  may 
formulate  the  law  as  follows  :  a  nervous  impulse  is  generated  at  any 
point  of  a  nerve  when  there  is  a  sudden  change  from  a  phase  of  lower 
to  one  of  higher  irritability,  as  from  the  normal  condition  to  katelec- 
trotonus, or  from  anelectrotonus  to  the  normal  coiidition.  We  must, 
however,  further  suppose  that  the  rise  of  katelectrotonus  more  readily 
gives  rise  to  an  impulse,  or  gives  rise  to  a  larger  impulse,  than  does 
the  fall  of  anelectrotonus,  and  that  the  condition  of  anelectrotonus, 
especially  when  pronounced,  is  an  obstacle  to  the  passage  towards  the 
muscle  of  impulses  originating  on  the  side  away  from  the  muscle. 
Thus  with  weak  currents  a  contraction  occurs  only  at  the  make,  at  the 
rise  of  katelectrotonus,  of  both  the  descending  nnd  ascending  current?. 
But  the  contraction  is  easier  to  get  with  the  dcsccndmg  than  with  the 
asccndmg  current,  because  in  the  latter  the  impulse  started  at  the 
kathode  has  to  pass  throu^'h  an  anelectrotunic  region  before  it  can  amvc 
at  die  muscle,  and  hence  with  *  very  weak  '  currents  we  get  a  contrac- 
tion with  the  make  of  the  descending  current  only.  With  a  moderate 
current,  as  for  instance  with  a  single  Daniell  acting  as  the  source  of 
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the  cuTTent,  tliere  is  a  contraction  both  at  the  make  and  at  the  break 
of  both  ascending  and  descending  currents  ;  the  fall  of  an  electroionus 
"  ^  ^        v,]p^  ^^  ^gQ  jj^  ^l^g  |.jgg  Qf  kalelectrotonus,  to  originate  a  ncr- 
ulje.     Lastly,  when  the  current  is  vcr>'  strong,  as  that  for 
■.ii  two  or  more  Groves,  making  the  ascending  current  pro- 
>  no  contraction,  because  the  anelcctrotonus  round  the  anode  blocks 
iTipulse  starling  from  the  kathode.     The  fall  of  anelectrutonus 
vcr  at  the  anode,  there  being  nothing  between  it  and  the  muscle, 
cau.se  a  contraction.     With  the  descending  current  the  rise  of 
-ctroionus  produces  a  making  contraction,  but  there  is  no  brcak- 
tntraction  ;  the  absence  of  the  latter  may  Ije  accounled  for»  partly 
ic  strong  current  depressing  the  irritability  and  eapecially  the 
uctivity  of  the  intrapoiar  nerve,  and  partly  perhaps  by  supposing 
'    und  on   the   disappearance   of  Ifatclectrotonus   at   the 
tng  aa  it  docs  in  a  part  lying  between  the  anode  and 
rv'cs  to  block  the  downward  progress  of  the  impulse 
mU  of  anclectrotonus  at  the  anode.     This  blocking  of 
_     .   ,    .  us  by  the  defective  conduction  caused  in  anclectrotonus, 
reason  why  in  testing  the  variations  of  irriiabihty  in  anelectrotonus 
tckcirotonus  it  is  preferable  to  apply  the  stimulus  between  the 
sdc  and  Uie  polarizing  current- 
It  has  already  been  stated  that  in  many  cases  the  making  or  breaking 
of  a  constant  current  gives  rise  not  to  a  single  spasm  only  but  to  a 
pronounced  tetanus,  often  spoken  of   as  the  making  or  breakmg 
us.     Of  these  two  the  most  common  is  the  bneakjng  tetanus,  or 
r's  tetanus,  which  appears  when  a  strong  current  has  been  applied 
me  time  to  a  nerve.     It  is  developed  most  readily  ancf  lasts 
t  aiter  the  application  of  an  ascending  current,  but  may  also 
"      '''-  trance  with  a  descending  current.     When  it  manifests 
It  once  di mini !shed  or  suspended  altogether  by  applying 

cat  in  the  same  direction.     It  is  mcreased  by  applying 

m  an  opposite  direction.  The  making  tetanus  is  seen  with 
t  a  certain  intensity  only,  being  absent  with  those  of  less  or 
cr  strength.  Both  forms  are  due  to  profound  electrolytic  changes 
nerve,  those  of  the  making  tetanus  being  of  a  katelectrotonic, 
those  of  the  breaking  tetanus  of  an  anelectrotonic  character. 
The  constant  current  apphed  directly  to  a  muscic  from  which  the 
IMrcly  nervous  element  ha^  been  eliminated  by  urari  poisoning,  has 
dlecfs  similar  to  and  yet  somewhat  different  from  those  which  it  has 
lipoa  a  nerve.  The  efhcacy  of  the  ri*ic  oi  katelectrotonus  and  the  fall 
Of  anelectrotonus  respectively  m  producing  contraction  is  the  same  as 
nerve.  In  •>"  ^"  --frt  the  muscle  is  more  striking,  and  oftcrs  a 
of  tlie  I  mentioned  above.     The  making  contraction 

IV  untkr  fiv.  .    -umsiatucs  be  seen  to  start  from  the  kathode 

traction  from  the  anode.    Another  marked  UifTer- 
:  and  nerve  is  that  in  muscle  the  current  must  act 
I  r  lime  upon  the  tissue  before  it  can  call  forth  a  con- 
ii  what  we  might  expect  from  the  more  sluggish  nature 
alar  impulse- wave.     Hence  muscular  tissue  which  has  lost 
-^  elements  or  docs  not  possess  llicm,  is  far  less  readily 
"aduLisd  t>y  ihe  almost  momentary  indaction-shocks  than  arc  nerves. 
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Daring  the  passage  of  a  constant  current  the  muscle  is  thrown  into 
a  partial  tetanus,  which  however  may  be  sufficiently  weak  to  permit 
the  simple  make  and  break  contractions  to  be  readily  observed*. 
Very  freqiicndy  this  tetanus  changes  into  a  regular  rhythimc  pulsation 
if  the  intramuscular  nen-es  be  intact. 


Sec  4.    The  Muscle-Nerve  Preparation  as  a  Machtni 

The  facts  described  in  the  foregoing  sections  shew  that 
muscle  with  its  nerve  may  be  justly  regarded  as  a  machine  which, 
when  slimulated,  will  do  a  certain  amount  of  work.  But  the 
actual  amount  of  work  which  a  muscle-nerve  preparation  will  do 
is  found  to  depend  on  a  large  number  of  circumstances,  and  con- 
sequently  to  vary  within  very  wide  limits.  These  variations  will 
be  largely  determined  by  the  condition  of  the  muscle  and  nerve  in 
respect  to  their  nutrition ;  in  other  words,  by  the  degree  of  itrii^ 
bility  manifested  by  the  muscle  or  by  the  nerve  or  by  both.  But 
quiet  apart  from  the  general  influences  alTecting  its  nutrition  and 
thus  its  irritability,  a  muscle-nerve  preparation  is  affected  as  re* 
gards  the  amount  of  its  work  by  a  variety  of  other  circumstances, 
which  we  may  briefly  consider  here,  reserving  to  a  succeeding 
section  the  study  of  variations  in  irritability. 

TA£  nature  and  mode  of  applicdUion  of  the  stimulus  as  affating  the 
amount  and  character  of  the  contraction^ 

Within  the  body,  the  stimuli  which  bring  about  natural  mus- 
cular contractions  are  nervous  impulses  proceeding  from  the 
central  nervous  system.  As  far  as  we  know,  these  natural  nervous 
impulses  are  identical  in  character  with  the  nervous  impulses  set 
going  in  the  course  of  the  nerve  by  artificial  stimulL  Since  in  Ihe 
majority  of  cases  natural  muscular  contractions  are  tetanic  in 
nature,  the  natural  nervous  impulses  occur,  not  singly,  but  repeated 
in  series,  the  interval  between  successive  impulses  being  always 
about  one-nineteenth  of  a  second  (see  p.  56).  Variations  there- 
fore in  the  energy  and  extent  of  naiural  muscular  contractions 
must  (apart  from  variations  in  the  irritability  of  the  muscles  or 
nerves)  depend  on  the  energy  of  the  individual  nervous  imf)ulses 
as  they  leave  the  central  nervous  system,  and  not  on  any  change 
in  the  rapidity  of  their  sequence, 

A  mechanical  stimulus  in  the  shape  of  a  single  tap  or  blow, 
)>inch  or  prick,  may  produce  a  single  spasm,  and  slight  tapi 
repeated  regularly  and  rapidly  may  be  used  to  produce  a  tetanus. 

•  Cf.  Romunes^  y^Hrrmt  cf  Anat.  ^nd  Phys,,  x.  p.  707. 


CHAP,  n.]         THE  CONTRACTILE  TISSUES. 


87 


As  a  rule,  however,  the  injury  inflicted  by  a  mechanical  stimulus 
d<?suoys  the  irritability  of  the  spot  stimulate*!,  and  so  prevents  a 
rerxiition  oi  the  spasms.  On  the  other  hand  even  a  momentary 
'  may  produce  changes  leading  to  a  tetanus.  A  chemical 
..;.  ;ulus  protJuces  an  irregular  tetanus,  as  does  also  the  sudden 
application  of  heat. 

The  constant  current  acts,  as  we  have  seen,  as  a  stimulus  only 
when  its  intensity  suddenly  rises  or  falls,  making  and  breaking  of 
ihc  circuit  being  extreme  cases  of  rise  ai  d  falL  If  the  rise  or  fall 
be  sufficiently  gradual  a  current  may.  while  still  passing  through  a 
nerve,  be  very  largely  increased  or  diminished  without  giving  rise 
to  any  contraction  ;  whereas  even  a  very  slight  sudden  rise  or  fall 
may  at  once  cause  one,  the  effect  being  the  greater  the  more 
sudden  the  change.  Tliis  influence  of  the  suddenness  of  the 
change  is  also  seen  in  the  case  of  single  induction  shocks ;  the 
Ij^cakuig  shock,  which  is  developed  much  more  rapidly  tlian  the 
ttiiikin'^  shnrk,  is  by  far  the  more  potent  of  the  two. 

h  IS  wonhy  of  noiice^  as  a  matter  of  practical  importance, 
that  muscular  substance,  with  its  more  sluggish  impulse  of  stimu- 
Jtih.n  (see  p,  6S),  is  when  devoid  of  nerves  more  susceptible 
(Is  the  more  slowly  acting  (break  and  make  of  the)  constant 
m  than  towards  the  momentary  induction-shock.  Hence 
ks  which  by  degeneration  have  lost  their  nervous  supply 
ad  to  the  constant  current  much  more  readily  than  to  an 
tion-shock.     By  this  tes*"  the  condition  of  the  nerves  in  the 

inMivtlc  of  cases  t>f  paralysis  may  be  ascertained. 
In  order  thai  a  galvanic  current  of  any  kind  niay  call  forth  a 
p  n,   some  ajjpieciable  length  of  nerve  must  be  placed 

L  iie  electrodes.     If  the  current  simply  be  sent  transversely 

hiraui^h  a  nerve,  little  or  no  contraction  takes  place. 
r     .i...Ar,^ing  to   Tschirjew,*  however,  both  muscle  and  nerve  are 
it  1:   a  tran5\  crsc  direction ;  what  may  be  called  the  specific 

it.     .  l^eing  in  the  case  of  muscle  not  at  all  less,  and  in  die  ca^L-c 

of  ncTvc   only  slightly  less  in  a  transverse  ihan  in  a  longitudinal 
dirccTJun. 

With  the  same  strength  of  current,  the  longer  the  piece  of 
nerve  ihc  greater  the  contraction. 

This  when  the  constant  current  is  used  as  a  stimulus  is  said  to  be 
of  ibc  descending  but  not  of  the  ascending  current,  and  the  results 
nvfwi?  constant  with  the  makmg  than  breaking  of  the  current,* 

. .  /.  Amat.  u.  Pkysiof,,  1877,  p.  489. 

piBttrcr's   Jr^Ah'  V.   (18721,275,     Cf.  MftrcoKC*    Vi*h.  d,   Pkfu 
Wknlmri,  x.  (1877).  158. 
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The  amount  of  the  contraction  is,  as  might  be  expected, 
dependent  on  the  strength  of  the  stimulus,  but  a  limit  to  the 
increase  of  the  contraction  caused  by  augn}enting  the  stimulus  is 
soon  reached.  Thus  if  the  ner\  e  of  a  muscle-nerve  preparation 
be  stimulated  at  intervals  by  currents  of  increasing  intensity, 
beginning  with  those  having  no  effect  at  all,  it  is  found  that  the 
effect,  as  measured  by  the  height  of  the  contraction,  rises  -v^cry 
rapidly  to  a  maximum,  beyond  which  it  remains  constant  so  long 
as  tile  irritability  of  the  preparation  continues  unchanged. 

We  have  in  a  preceding  section  (p.  54)  discussed  at  length  the 
manner  in  which  a  stimulus  repeated  sufficiently  rapidly  produces 
a  complete  and  uniform  tetanus,  during  which  the  constituent 
single  contractions  cannot  be  recognized  either  by  the  appeamiice 
of  the  muscle  itself  or  by  any  features  in  the  curve  which  it  may 
be  made  to  describe,  though  the  *  muscular  sound  *  shews  that  the 
muscle  is  really  in  a  stale  of  vibration.  If  the  frequency  of  the 
stimulus  be  reduced  the  tetanus  becomes  incomplete  and  a 
flickering  of  the  muscle  becomes  obvious,  and  upon  further 
reduction  of  the  frequency  the  flickering  gives  place  to  a  rhythmic 
series  of  single  contractions.  The  exact  frequency  of  repetition 
required  to  produce  complete  tetanus  varies  according  to  the 
condition  of  the  muscle  and  is  not  the  same  for  all  muscles,  being 
dependent  on  the  rapidity  with  which  the  muscle  executes  each 
single  contraction.  In  those  animals  which  possess  two  kinds  of 
skeletal  muscles,  red  and  pale»  the  red  muscles  (the  single  con- 
tractions of  which  are  slow  and  long-drawn)  are  thrown  into 
complete  tetanus  with  a  repetition  of  much  less  frequency  tlian 
that  required  for  the  pale  muscles.* 

Kronecker  and  Stirling'  find  lo  stimuli  per  sec.  quite  sufficient  to 
throw  the  red  muscles  of  the  r.ibbit  into  complete  tetanus,  while  the 
pale  muscles  require  at  least  20  stimuli  per  sec. 

When  the  stimulus  is  repeated  more  frequently  than  is  required  to 
bring  about  a  complete  tetanus  the  constituent  contractions  are  still 
proportionately  increased  in  frequency.  This  is  shewn  by  the  in- 
creased pitch  of  the  muscular  sound.  The  interesting  question  then 
arises,  How  far  can  the  increase  in  the  frequency  of  the  constituent 
contractions  be  carried  by  increasing  the  frequency  of  the  stimulus? 
But  this  question  obviously  involves  two  problems  :  (i)  How  far  can 
the  fretiuency  of  nervous  impulses  be  curried  ?  What  is  the  limit  to 
which  tne  duration  of  a  stimulus  may  be  reduced  without  the  stimulu^i 
ceasing  to  evoke  a  nervou?  impulse  f  and  (2)  To  what  extent  may  the 
frequency  of  nervous  impul-.es  be  mcreased  without  the  muscle 
ceasing  to  respond  by  a  contraction  to  each  nervous  impulse?     One 


*  RnnvicT,  Archives  d^  Phpiol^  vi.  (1874)^  p.  5. 

•  AftAJvAtua,  u,  Physiol.,  1^878,  p»  I,  and  Jmrn^  Physiol., 


[.(iS78),p.384. 
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>uld  naturally  suppose  that  there  is  a  limit  to  the  duration  of  a 
iiUus  (of  a  galvanic  current  fur  instance),  necessary  to  t-fliciency, 
id  that  the  limit  would  vary  wiih  the  strength  of  the  stimulus,  the 
►nger  stimuli  remaining  effective  wiih  the  shorter  duration.  And 
experience  of  many  observers  confirms  this  view.  K*5nig'  came 
the  conclusion  that  a  galvanic  current  of  even  maximum  strength 
a  stimulus  must  last  at  least  about  "0015  sec  in  order  to  generate  a 
reus  impulse.  And  Bernstein"  found  that  when  induction-shocks 
submaximal  intensity  are  thrown  sufficiently  rapidly  ^^ihe  necessary 
kpidity  varying  with  the  strength  of  the  shocks)  into  a  muscle-ncrvc 
)aration,  tetainus  of  the  muscle  fails  to  appear  ;  there  is  an  initial 
:tion  at  the  commen  emcnt  of  the  series  of  shocks,  and  after 
»mplcte  rcsL  13 y  adequately  increasing  the  strength  of  the- 
llus  however,  tetanus  might  alwaj'S  be  brought  about.  The 
absence  of  tetanus  with  submavinial  stimulation  might  be  interpreted 
as  indicating  the  failure  not  so  much  of  nervous  impulses  as  of  the 
conversion  of  the  nervous  into  the  muscular  impulse,  ie.  the  molecular 
forerunner  in  the  muscle  of  the  visible  contraction.  Kronecker  and 
Stirling*,  by  using  a  special  instrument  for  rapid  interruption,  the  so* 
caUed  tone-inductorium,  have  been  able  to  obtain  in  all  cases  a 
connplete  tetanus  with  alternating  induction-shocks,  even  when  repeated 
Ihcy  believe  as  frequently  as  22,ooo  times  a  second  ;  and  they  conclude 
thAt '  the  upper  limit  of  the  frequency  of  electrical  stimubtion  which 
can  throw  a  muscle  into  tetanus  lies  near  the  limit  where  variations  in 
the  current  can  no  longer  be  detected  by  the  help  of  other  physical 
rhcoscopes  *  and  therefore  far  beyond  K6nig*s  limit, 

^V'lth  regard  to  the  second  question  the  following  important 
ation  is  worth  attention.  Helmholtz*  has  shewn  that  when  an 
non-shock  giving  a  maximum  contraction  is  followed  at  an 
il  of  less  than  j^I^q  sec.  by  a  second  shock  of  equal  strength,  no 
1  contraction  appears  at  all.  During  j^g  sec  subsequent  to  the 
:  Ic  r  J  muscle  is  absolutely  devoid  of  irritability;  it  is  in  a 
try  :/iiase'  similar  to  but  much  shorter  than  that  which  is  so 
;  Hjuouii  in  cardiac  muscles.  Hence  if  a  number  of  maximum 
lion-shock?  be  sent  into  a  muscle  or  nerve  at  intervals  of  a  little 
Uian  al^ijth  sec.  half  the  shocks  sent  in  would  seem  to  be  without 
But  this  is  only  true  of  maximum  stimuli*  We  do  not  know 
I  lace  a  similar  limit  to  submaximal  contractions. 

\W\\in\  two  pairs  of  electrodes  are  placed  on  the  nerve  of  a 

\z  and  a  perfectly  fresh  and  successful  nerve- prepviration,  one 

j  cut  end,  and  the  other  nearer  the  muscle,  it  is  found 

me  stimulus  produces  a  greater  contraction  when  applied 

rough  Uic  fonner  pair  of  electrodes  than  through  the  latter. 


"U  p.  lai. 
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Two  interpretations  of  this  rt.'siilt  are  possible.  Either  the  nerve 
at  the  part  farther  away  from  the  muscle  is  more  irritable,  ue,  that 
the  stimulus  gives  rise  at  t/u  sJ>ol  stimttlaUd  to  a  larger  ner\'ous 
impulse ;  or  the  impulse  started  at  the  farther  electrodes  gathers 
strength,  like  an  avalanche^  in  its  progress  to  the  muscle.  The 
latter  view  has  been  strongly  urged  by  Pdiiger,  and  is  generally 
kiiowK  under  the  name  of  the  '  avidanche  theor}\'  As  far  as  we 
know,  however,  the  progress  of  the  negative  variation  along  si 
nerve  is  marked  by  no  such  increase.  It  is  probable  that  the 
larger  contraction  produced  by  stimulation  of  the  portions  of  the 
neive  near  the  spinal  cord  is  due  to  the  stimulus  setting  free  a 
larger  impulse,  /.c,  to  this  part  of  the  nerve  being  more  irritable. 

The  cfTccl  is  not  due  to  the  section  merely,  for  it  may  be  witnessed 
in  nerves  still  in  connection  with  the  spinal  cord.  Heidcnhain'  states 
however  thai  under  thc^c  circumstances  the  diminution  of  the  effect  is 
not  gradual  from  the  central  to  the  peripheral  portions,  as  when  the 
nerve  is  cut;  on  the  contr.iry,  the  amount  of  coniraciion  is  at  first 
large,  then  becomes  smaller,  and  finally  increases  somewhat  again  as 
the  stimulation  is  carried  from  the  roots  of  the  nerves  to  the  muscular 
periphery, 

Hallst^n  {Arch.  Anai.  Phys.^  1876,  242)  moreover  found  that  in  the 
case  of  sensory  nerves  also  the  eficct  produced  was  greater  when  the 
stimulus  was  applied  to  the  more  central  than  when  it  was  applied  to 
the  more  peripheral  portions  of  the  nerve  ;  ut  lea^t  reflex  aclioni  were 
more  easily  excited. 

It  is  probable  that  the  irritability  of  the  nerve  may  vary  con- 
siderably at  different  points  along  its  course.  And  Fleischl*  states 
that  an  induction  shock  when  applied  as  an  ascending  current  has  a 
greater  efiect  on  the  more  peripheral,  and  when  applied  as  a  descend' 
mg  current  a  greater  effect  on  the  more  central,  portions  of  a  nerve. 


T/u  Influence  0/  t}u  Load. 

It  might  be  imagined  that  a  muscle,  which,  when  loaded  with 
a  given  weight,  say  20  grammes,  and  stimulated  by  a  current  of  .1 
given  intensity,  had  contracted  to  a  certain  extent,  would  only 
contract  to  half  lliat  extent  when  loaded  with  twice  the  weight 
(40  grammes)  and  stimulated  with  tlie  same  stimulus.  Such,  how- 
ever, is  not  ijie  case;  the  height  to  which  the  weight  is  raised  ms 
be  in  the  second  instance,  as  great,  or  even  greater,  than  in  tl 
first  That  is  to  say,  the  resistance  offered  to  the  contraction 
actually  increases  the  contraction,  the  tension  of  the   muscular 

«  Stud,  PkyshU  Imtit,,  Urc^au.  11.  (1861), 

•  IVim.  .Siiz.  Btritht,  rxxii.   ^1875).  Lxxiv.  {iS76>.      Coniptire  howtvcr 
Tie^el,  Pfluger's  .^rr/m,  xin,  (1876).  p.  598, 
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fibre  increases  the  facility  whh  which  the  explosive  changes  rcsult- 
fng  in  a  conlraclion  take  place.  And  it  has  been  observed  by 
Hcidcnhain »  that  tension  applied  to  a  muscle  increases  both  the 
chemical  products  (carbonic  and  lactic  acid)  and  the  rise  of 
temperature  which  accompany  a  contraction.  There  is,  of  course, 
a  limit  to  this  favourable  action  of  the  resistance.  As  the  load 
continues  to  be  increased^  the  height  of  the  contraction  is  dimi- 
nished, and  at  last  a  point  is  reached  at  which  the  muscle  is 
unable  (even  when  the  stimulus  chosen  is  the  strongest  possible) 
to  lift  the  load  at  all. 

It  Is  said  that  a  muscle,  loaded  beyond  its  power,  relaxes  and 
lengthens  when  stimulated  instead  of  shortening,  in  consequence  of 
that  increase-  of  extensibility  which  is  a  characteristic  of  the  contracted 
state.     The  occurrence  of  this  lengthening  is  however  doubtful. 

It  is  obvious  that  the  work  done  (height  to  which  the  load  is 
miscd  multinlied  into  the  weight  of  the  load)  must  therefore  be 
lankly  dependent  on  the  weight  itself.  Thus  there  is  a  certain 
Weight  of  load  with  which  in  any  given  muscle,  stimulated  by  a 
given  stimulus^  the  most  work  will  be  done. 


Since  mere  tension 
5bres,  it  is  desirable 
that  the  weight  should 
actually  begins.  This 
id  of  the  muscle  and 
11^  before  contnction 
the  lenjjth  nat\iral 

I  en  5  .It  once  begins 
be  a/Ur-hoiifd* 


affects  the  changes  going  on  in  the  musf^tilar 
in  experiments  in  which  muscles  arc  loaded, 
not  bear  upon  the  lever  until  the  contraction 
is  caiily  m7.nng"ed  by  interposing  bitwcen  the 
the  weight  a  lever  with  a  support  so  arranged 
lakes  place,  the  weight  only  extends  the  muscle 
to  it  during  rest  :  but  the  muscle  direcily  it 
to  puU  on  the  weight.    The  muscle  is  then  said 


If  the  weight  be  determined  which  will  stop  a  contraction  when 
tp^lied  directly  the  contraction  begins,  and  also  that  which  stops 
lier  contraction  when  applied  at  a  moment  when  the  con- 
is  already  partly  accomplished,  it  will  be  found  that  the 
Atighl  is  much   less  than  the  first.     It  will  be  found,  in 
t  the  forces  which  produce  the  change  in  the  form  of  the 
Are  at  their  maximum  at  the  beginning  of  the  shortening, 
_..^  ...^iiceforwards  decline  until  they  become  nothing  when  the 
thorteniog  is  complete. 

MkAsmsfUf  £^htuni\  ft^drnumtwiektJumg  mnd  Stofmmsatt  M  ier  Mmiii* 
'    W»L     Ictp/o^,   1864. 

•  Thk  ts  perhafM  the  htsX  er|ttivileilt  of  the  Germftn  uhttlMitt, 
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Infltunce  of  the  Si'se  and  Form  of  the  Musdc. 

Since  all  known  muscular  fibres  are  much  shorter  than  th< 
wave-length  of  a  contraction,  it  is  obvious  that  the  longer  the 
fibre,  the  greater  the  height  of  the  contraction  with  the  same 
stimulus.  Hence  in  a  muscle  of  parallel  fibres,  the  height  to 
which  the  load  is  raised  as  the  result  of  a  given  stimulus  applied 
to  its  nerve,  will  depend  on  the  length  of  the  fibres,  while  the 
weight  of  the  load  so  lifted  will  depend  on  the  number  of  the 
fibres,  since  the  load  is  distributed  among  them.  Of  two  muscles 
therefore  of  equal  length  (and  of  the  same  quality)  the  most  work 
will  be  done  by  that  which  has  the  greater  sectional  area ;  and  of 
two  muscles  with  equal  sectional  areas,  the  most  work  will  be  done 
by  that  which  is  the  longer.  If  the  two  muscles  are  unequal  both 
in  length  and  sectional  area,  tlie  work  done  will  be  the  greater  in 
the  one  which  has  the  larger  bulk,  which  contains  the  greater 
number  of  cubic  units.  In  speaking  therefore  of  the  maximum  of 
work  which  can  be  done  by  a  muscle,  we  may  use  as  a  standard 
a  cubic  unit  of  bulk,  or,  the  specific  gravity  of  the  muscle  being 
the  same,  a  unit  of  weight 

In  the  case  of  frog^'s  mui^cie,  the  maximum  of  work  which  can  be 
done  under  most  favourable  circumstances  has  been  estimated  by 
Fick'  to  vary  between  3  and  7  granmiuters  fur  i  gnn.  of  muscle. 

The  weight  which  is  Just  sufticient,  but  only  just  su^cicnt,  to  keepia 
muscle,  when  stimulated,  from  actuatly  shortening,  may  be  taken  as 
the  measure  of  the  *  absolute  power'  of  the  muscle,  li  nnisst  of  course 
be  taken  only  in  relation  to  the  sectional  area  of  ihe  muscle.  The 
absolute  power  of  a  square  centimetre  of  a  frog^s  muscle  has  been  in 
this  way  estimated  at  about  2,800  to  3,000  grms. :  of  a  square  centi- 
metre of  human  muscle  at  6,000  to  8,000  grnis. 


Sec  5.    The  Circumstances  which  determine  the  Degree 

OF   iRRiTABIUTY  OF    MuSCLES  AND   Ne^VES. 


A  muscle-nerve  preparation,  at  the  time  that  it  is  removed 
from  the  body,  possesses  a  certain  degree  of  irritability,  it  re- 
sponds by  a  contraction  of  a  certain  amount  to  a  stimulus  of  a 
certain  strength,  applied  to  the  nerve  or  to  the  muscle.  After  a 
while,  the  exact  period  depending  on  a  variety  of  circumstances, 
the  same  stimulus  produces  a  smaller  contraction,  i.e,  the  irritability 
of  the  preparation  has  diminished.  In  other  words,  the  muscle 
or  nerve  or  both   have  become  partially  *  exhausted,*  and  the 

*  UnterxHck,  w,  Miukelarhdt^  Basel,  1S67. 
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Lustion  subsequently  increases,  the  same  stimulus  producing 
let  contractions  until  at  last  all  irriubiliiy  is  lost,  no  stimulus 
revcr  strong  i)roUucing  any  contraction  whether  applied  to  the 
nerve  or  directly  to  the  muscle  ;  and  eventually  tlie  muscle,  as  we 
lave  seen»  becomes  rigid.     The  progress  of  this  exhaustion  is 
iorc  rapid  in  the  nerves  than  in  the  muscles;  for  some  time  after 
»c   nerve-trunk    has  ce;ised   to  respond   to  even  the  strongest 
imulus,  contractions  may  be  obtained  by  applying  the  stimulus 
lircctly  to  the   muscle.     It  is  much  more   rapid    in  the  warm- 
iloodcd   than  in  the  cold-blooded  animals.      The  muscles  and 
res  of  the  former  lose  their  irritability,  when  removed  from  the 
ly,  after  a  period  varying  according  to  circumstances  from  a 
few  minutes  to  two  or  three  hours  ;  those  of  cold-blooded  animals 
(or  at  least  of  an  amphibian  or  a  reptile)    may  under  favour- 
able  conditions  remain   irritable  for   two,   three,   or  even  more 
days. 

If  a  sharp  blow  with  some  thin  body  be  struck  across  a  muscle 

:.u  !.„.-  f.,^ff.^.-,A  jj^jQ  ^]^g  later  stages  of  exhaustion,  a  wheal  lasting 

I  is  developed-     This  wheal  appcarfi  to  be  a  con- 

l ..  .,.;,c  ia...;cd  to  the  p'irl  struck,  and  disupjieanng  very  slowly, 

Without  cxtendmff  to  the  neighbouring  muscular  substance.     It  has 

\n  called  an  Mdio-muscuiar'  contraction,  because  it  may  be  brought 

It  even  when  ordinary  stimuli  have  ceased  to  produce  any  eflfcct-  It  may 

lofwcver  l)c  accompanied  at  its  beginning  by  an  ordinary  contraction. 

h  is  readily  produced  in  the  living  body  on  the  pectoral  and  other 

muscles  of  persons   sulTcnng   from    phthisis   and    other  exhausting 

diseases. 

This  natural  exhaustion  and  diminution  of  irritability  in  muscles 
and  nerves  removed  from  the  body  may  be  modified  both  in  the 
ca5e  of  the  musde  and  of  the  nerve,  by  a  variety  of  circumstances. 
Sin^ilarly,  while  the  nerve  and  muscle  stfll  remain  in  the  body,  the 
irritability  of  the  one  or  of  the  other  may  be  modified  either  in  the 
way  of  increase  or  of  decrease,  by  various  events.  We  have 
ly  seen  (p.  80)  how  the  constant  current  produces  the  varia- 
ms  in  inilability  known  as  katelectrotonus  and  anelectrotonus. 
have  now  to  study  the  effect  of  more  general  influences,  of 
rhich  the  must  important  are,  severance  from  the  central  nervous 
sicrn,  and  variations  in  temperature,  m  blood-supply,  and  in 
inciior  al  activity, 

T/t€  Efft<is  of  Severanci  from  tlu  dntrai  Nervous  Syshm, 

Wlien  a  nerve,  such  for  instance  as  Uie  sciatic,  is  divided  in 
in  the  living  body,  there  is  iirst  of  all  observed  a  slight 


m^a^^ 


LB-XiETE  IIACHLSE, 
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mrpo^ble.    Ettber  the  nerve 
fiva  t^  imsde  h  taort  irritable,  it,  that 
mitktsfi$i  skmdeitiio  a  larger  nervous 
scancd  at  the  &rther  electrodes  gathers 
IHtqgness  to  the  uiusde.    The 
fy  m^  tiy  Pfluger,  and  is  generally 
ei  die  *  a^'aluiche  theory.'    As  far  as  we 
of  the  ne^live  variation  aJong  a 
sidi  ioG^ase.    Jt  is  probable  that  the 
by  stimuUtion  o^  tiic  j)ortjons  of  the 
\  cpnal  cord  is  due  to  the  stimulus  setting  free  a 
ijt.  to  tfais  put  of  the  nerve  being  more  irritable. 

■at  doe  to  the  xction  merely,  for  it  may  W  u  un^s<ed 
*  o  mth  the  spinal  cord.    W*iv  les 

ommistaDCcs  the  diniinutiou  :  :  is 

the  cOBtnLl  to  the  pcijphcral  portionSj,  as  when  the 
tbe  cootran*,  the  aniaunt  of  contraction  is  ^t  first 
SBADer,  JLod  finally  increases  ^lomeuhat  aga^n  as 
evikd  iroot  tbe  roots  of  the  nerves  to  the  muscuUr 


,{4fdLAm^  Pht^  1S76,  242)  moreover  found  that  in  the 

^^•^mgagjWTrts^tsomtcfitinprQdu^^  was  grea  u\e 

^^as  v«s  \i|  r- '  ^  to  tile  more  tentraJ  than  when  ii  ^  o 

^Biv  Bcnpa^i  poftiOBS  of  the  aert^ ;  ^t  least  refloc  dLtiun^  >s  ere 

•e  flcai*  exofceA  .    .  -        i-   , 

It  s  DfO^^  Ail  the  imtability  of  the  nerve  mnv  v^rv  r.r.. 
"11  Mefcni  jxwots  aioug  its'  course.    And  Fk 
dioB  shock  when  applied  a$  an  ascendm^  <:t 
^  on  the  more  peripheral,  And  when  applied  as  a  dcsccnrt- 
;  s  Pttatfer  elfect  on  the  more  central,  portions  of  a  nerve. 

Tiki  Influtna  of  thi  load. 

It  m«ht  be  ituagined  iliat  a  miisck 
A  «W  weight,  say  :jo  gnimmes,  and  si 
eiJcJi  imcnsiiy,  had  caniracted  to  a  c 
^^  to  h^f  that  extern  when  r 
UOgwininesjandstunuJatedw.thi 
crcrris  not  the  case;  the  hct^»— 
be  m  the  second  instatice,  as 
iL     That  is  to  say,  the  resist 
i^ally  increases  liie  contracu- 

» <stmt.  rf^^i<^^  ^'•^^^^  ^'**^'***; 
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fibre  increases  the  fadlity  wfth  which  the  explosive  changes  result- 
ing in  a  conlrarlitin  take  place.  And  it  has  been  observed  by 
Hcidcnhain '  that  tension  applied  to  a  muscle  increases  both  the 
chemical  products  (carbonic  and  lactic  acid)  and  the  rise  of 
Icniperature  which  accompany  a  contraction.  There  is,  of  course, 
a  limit  to  this  favourable  action  of  the  resistance.  As  the  load 
continues  to  be  increased,  the  height  of  the  contraction  is  dimi- 
nished, and  at  last  a  point  is  reached  at  which  the  muscle  is 
unable  (even  when  the  stimulus  chosen  is  the  strongest  possible) 
to  lift  the  load  at  all. 

It  is  said  that  a  muscle,  loaded  beyond  its  power»  relaxes  and 
lengthens  when  stimulated  instead  of  shortening,  in  consequence  of 
that  mcrcase  of  extensibility  which  is  a  characteristic  of  the  contracted 
state.     The  occurrence  of  this  lengthening  is  however  doubtful. 

It  is  obvious  that  the  work  done  (height  to  which  the  load  is 
raised  nuihiplicd  into  the  weight  of  the  load)  must  therefore  be 
largely  dependent  on  the  weight  itself.  Thus  there  is  a  certain 
weight  of  load  with  which  in  any  given  muscle,  stimulated  by  a 
given  stimulus,  the  most  work  will  be  done. 

Since  mere  tension  affects  the  changes  goin^  on  in  the  muscular 
fibres,  it  is  desirable  in  eitpcriments  in  which  muscles  .ire  loaded, 
that  the  weight  should  not  bear  upon  the  lever  until  the  contraction 
actually  begins.  This  is  ea.tly  managed  by  inter^KJsin^^  between  the 
end  of  the  muscle  and  the  weight  a  luvcr  with  a  support  so  arranged 
that,  before  contraction  takes  place,  the  weight  only  extends  the  muscle 
to  the  length  n  Uur.-il  to  it  during  rest :  but  the  muscle  directly  it 
ftbortens  M  once  begins  to  pull  on  the  weight.  The  muscle  is  then  said 
be  iifier-tcttdid* 


\i  the  v.- 


\ 


'P  a  contraction  when 
alsii  that  which  stops 
lent  when  the  con- 
r<^und  that  the 
».ill  be  found,  in 
the  form  of  the 
the  shortening, 
liing  when  the 


MdfrMmtkii 


1 


96 


VARIATIONS  OF  IRRITABILITY.  [BOOK   L 


All  the  molecular  processes  are  hastened  and  facilitated :  the 
contraction  is  for  a  given  stimulus  greater  and  more  rapid,  />.  of 
shorter  duration,  and  nervous  impulses  are  generated  more  readily 
by  slight  stimuli.  Owing  to  the  quickening  of  the  chemical 
changes,  the  supply  of  new  material  may  prove  insufficient ;  hence 
muydes  and  nerves  removed  from  the  body  lose  their  irritability 
more  rapidly  at  a  high  than  at  a  low  temperature. 

The  gradual  application  of  cold  to  a  nerve,  especially  when 
the  temperature  is  thus  brought  near  to  o%  slackens  all  the 
molecular  processes,  so  that  the  wave  of  nervous  impulse  is 
lessened  and  prolonged,  the  velocity  of  its  passage  being  much 
duninished,  from  28  m.  e,g  to  i  m.  per  sec  At  about  0°  the 
irritability  of  the  nerve  disappears  altogether. 

When  a  muscle  is  exposed  to  similar  cold,  ex.  gr.  to  a  tem- 
perature very  little  above  zero,  the  contractions  are  remarkably 
prolonged  j  they  are  diminished  in  extent  at  the  same  time,  but 
not  in  proportion  to  the  increase  of  their  duration.  Exposed  to 
a  temperature  of  zero  or  below,  muscles  soon  lose  their  irritability, 
without  however  undergoing  rigor  mortis.  After  an  exposure  of 
not  more  than  a  few  seconds  to  a  temperature  not  much  below 
zero,  they  may  be  restored,  by  gradual  warmth,  to  an  irritable 
condition,  even  though  they  may  appear  to  have  been  frozen. 
When  kept  frozen  however  for  some  few  minutes,  or  when  exposed 
for  a  less  time  to  temperatures  of  several  degrees  below  zero,  their 
irritability  is  permanently  destroyed.  When  thawed,  they  enter 
into  rigor  mortis  of  a  most  pronounced  character. 

T/te  Iftfluence  of  BhodSuppIy, 

When  a  muscle  still  within  the  body  is  deprived  by  any  means 
of  its  proper  blood-supply,  as  when  the  blood-vessels  going  to  it 
are  ligatured,  the  same  gradual  loss  of  irritability  and  fmal  a|>- 
pearancc  of  rigor  mortis  are  obser\'ed  as  in  muscles  removed  out 
of  the  body.  Thus  if  the  abdominal  aorta  be  ligatured,  the 
muscles  of  the  lower  limbs  lose  their  irritability  and  finally  become 
rigid.  So  also  in  systemic  death,  when  the  blood-sup[)ly  to  the 
muscles  is  cut  off  by  the  cessation  of  the  circulation,  loss  of 
irritabiUty  ensues,  and  rigor  morris  eventually  follows.  In  a  human 
corpse  the  muscles  of  the  body  enter  into  rigor  mortis  in  a  fixed 
order :  first  those  of  the  jaw  and  neck,  then  those  of  the  trunk, 
next  those  of  the  arms,  and  lastly  those  of  the  legs.  The  rapidity 
with  which  rigor  mortis  comes  on  after  death  varies  considerably, 
being  determined  both  by  external  circumstances  and  by  the 
internal  conditions  of  the  body.     Thus  external  warmth  hastens 
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and  cold  rct4irds  the  onset     After  great  muscular  exertion,  as  in 
mted  animals,  and  when  death  closes  wasting  diseases,   rigor 
lortis  in  most  cases  comes  on  rapidly.     As  a  general  rule  it  may 
said  that  the  later  it  is  in  making  its  appearance,  the  more 
mounced   it   is,  and  the  longer   it  lasts ;    but  there  are  many 
cceplions,  and   when  the   state  is   recognized   as  being   funda- 
lentaliy  due  to  a  coagulation,  it  is  easy  to  understand  that  the 
lount  of   rigidity,  i.€.   the  amount   of  the   coai^ulum,   and  the 
ipidity  of  the  onset,   i>.  the  quickness  with  which  r oagulation 
ikes  place,  may  vary  indcpendendy.      Hie  rapiclily  of  onset  alter 
mscular  exercise  and  wasting  disease  is  apparently  dependent  on 
excess  of  acid,  which  seems  to  be  favourable  to  the  coagulation 
the  muscle  plasma,  being  produced  under  those  circumstance j» 
the  muscle.     When  rigor  mortis  has  once  become  thoroughly 
iiablished  in  a  nmscle  through  deprivation  of  blood,  it  cannot  be 
'moved  by  any  subsequent  supply  of  blood.     Thus  where  the 
lominal  aorta  has  remained  ligatured  until  the  lower  limbs  have 
;come  completely  rigid^  untying  the  ligature  will  not  restore  the 
mscles  to  an  irritable  condition ;  it  simply  hastens  the  decom- 
tition  of  the  dead  tissues  by  supplying  them  with  oxygen  and, 
the  case  of  the  mammal,  with  warmth  also. 

A  muscle  however  may  acquire  as  a  whole  a  certain  amount  of 
rigidity  on  account  of  some  of  the  fibres  becoming  rigid,  while  the 
remainder,  though  they  have  lost  their  irritability,  have  not  yet 
advanced  into  rigor  mortis.  At  such  a  juncture  a  renewal  of  the  blood- 
stream may  restore  the  irritability  of  those  fibres  which  were  not  yet 
ri^d,  and  thus  appear  to  do  away  with  rigor  mortis  ;  yet  it  appears 
tl^t  in  such  cases  the  fibres  which  have  actually  become  rigid  never 
regain  their  iiritubility,  but  undergo  degeneration.  It  is  stated  how- 
ever by  Preycr  *  that  if  the  even  completely  rigid  muscles  of  the  frog 
be  washed  out  with  a  10  p.  c.  sodium  chloride  solution  (which 
dissolves  myosin)  and  subsequently  injected  with  blood,  irritability 
ill  be  restored. 

Mere  loss  of  irritability,  even  though  complete,  if  stopping 

lort  of  the  actual  coagulation  of  the  muscle- substance,  rnay  be 

care  removed-     Thus  if  a  stream  of  blood  be  sent  artificially 

»ugh  the  vessels  of  a  separated  (mammalian)  muscle,  the  irri- 

ility  may  be  maintained  for  a  very  considerable  time.  On 
►pping  the  artificial  circulation,  the  irritability  diminishes  and  in 
ne    entirely   disappears ;    if  however   the   stream    be   at   once 

imed,  the  irritability  will  be  recovered.  By  regulating  the  How, 
ic  irritability  may  be  lowered  and  (up  to  a  certain  limit)  raiucd 

pleasure.     From  the  epoch  however  of  interference  with  the 

*  Ccnirbi,/,  ntfd,   tVhtch/l,  1864,  p.  769. 
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normal  blood-stream  there  is  a  gradual  diminution  in  the  responses 
to  stimuli,  and  ultimately  the  muscle  loses  all  its  irritability  and 
becomes  iigid,  however  well  the  artificial  circulation  be  kept  up. 
This  failure  is  probably  in  great  part  due  to  the  blood  sent  through 
the  tissue  not  being  in  a  perfectly  normal  condilion  ;  but  we  have 
at  present  very-  little  information  on  this  point.  Indeed  with 
respect  to  the  qtmiity  of  blood  thus  essential  to  ihe  maintenance 
or  restoration  of  irritability,  our  knowledge  is  definite  with  regard 
to  one  factor  only,  viz,  the  oxygen.  If  blood  deprived  of  its 
ox>'gen  be  sent  through  a  muscle  removed  from  the  body,  irrita- 
bility, so  far  from  being  maintained,  seems  rather  to  have  its 
disappearance  hastened.  In  fact,  if  venous  blood  continue  to  be 
driven  through  the  muscle,  the  irritability  is  lost  even  more  rapidly 
than  ill  the  entire  absence  of  blood.  It  would  seem  that  venous 
blood  is  more  injurious  than  none  at  aJl.  If  exhaustion  be  not 
carried  too  far,  the  muscle  may,  however,  be  revived  by  a.  proper 
supply  of  oxygenated  blood. 

In  a  muscle  the  irritability  of  which  has  been  suspended  by  a 
current  of  venous  blood,  the  assumption  of  a  minute  fraction  of 
oxygen  is  sufficient  to  resLorc  irritability  to  such  an  extent  that  a  \^rf 
distinct  amount  of  contraction  is  visible  on  the  application  of  stimuli. 
Much  more  than  this  must  be  taken  up  before  the  muscle  can  regain 
the  standard  at  which  it  was  previous  to  the  action  of  tlie  venous 
stream.* 

The  influence  of  blood-supply  cannot  be  so  satisfactorily 
studied  in  tlie  case  of  nerves  as  in  the  case  of  muscles  \  there  can 
however  be  little  doubt  that  the  effects  are  analogous. 


The  Influence  of  Functional  Activity, 

This  too  is  more  easily  studied  in  the  case  of  muscles  than  of 
nerves. 

When  a  muscle  within  the  body  i^  unused,  it  wastes ;  when 
used  it  (within  certain  limits)  grows.  Both  these  facts  shew  that 
the  nutrition  of  a  muscle  is  favourably  affected  by  its  functional 
activity. 

Par:  of  this  may  be  an  indirect  effect  of  the  increased  blood-supply 
which  occurs  when  a  muscle  contracts.  When  a  nerve  going  to  a 
muscle  is  stimulated,  the  blood-vessels  of  the  muscle  dilate.  Hence 
at  the  time  of  the  contraction  more  blood  flows  through  the  mu-jclc, 
and  tiiis  increased  flow  continues* for  some  little  while  after  the 
contraction  of  the  muscle  has  ceased. 

•  Ludwig  and  Schmidt,  Ludwig's  w^r^^/M,  1S6S,  p.  i. 
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A  muscle,  even  within  the  body,  after  prolonged  action  is 
fatigued,  i.e.  a  stronger  stimulus  is  required  to  produce  the  same 
contraction ;  in  other  words,  its  irritability  is  reduced  by  functional 
activity. 

The  fatigue  of  which,  after  prolonged  or  unusual  exertion^  we  are 
conscious  in  our  own  bodies,  arises  partly  from  an  exhaustion  of  muscles, 
partly  from  an  exhaustion  of  motor  nerves,  but  chielly  from  an  ex- 
haustion of  the  central  nervous  system  concerned  in  the  production  of 
voluntary  impulses.  A  man  who  says  he  is  absolutely  exhausted  may 
under  cxcitenjcnt  perform  a  very  large  amount  of  work  with  his  already 
wearied  muscles.  The  will  rarely  if  ever  calls  forth  the  greatest 
contractions  of  which  the  muscles  are  capable. 

Absolute  (temporary)  exhaustion  of  the  muscles,  so  that  the 
strongest  stimuli  produce  no  contraction,  may  be  produced  even 
within  the  body  by  artificial  stimulation  ;  recovery  takes  place  on 
rest.  Out  of  the  body  absolute  exhaustion  takes  place  readily. 
Here  also  recovery  may  take  place.  Whether  in  any  given  case  it 
does  occur  or  not,  is  determined  by  the  amount  of  contraction 
causing  the  exhaustion,  and  by  the  previous  condition  of  the 
muscle.  In  all  cases  recovery  is  hastened  by  renewal  (natural  or 
artificial)  of  the  blood-stream.  The  more  rapidly  the  contractions 
follow  each  other,  the  less  the  interval  between  any  two  con- 
tractions,  the  more  rapid  the  exhaustion,  A  certain  number  of 
•single  intluclion -shocks  repeated  rapidly,  say  every  second  or 
[oftcner,  bring  about  exhaustive  loss  of  irritability  more  rapidly 
than  the  same  number  of  shocks  repeated  less  rapidly,  for  instance 
[every  5  or  lo  seconds.  Hence  tetanus  is  a  ready  means  of 
producing  exhaustion. 


There  are  reasons  for  thinking  that  for  each  muscle  it  may  be 
isible  to  choose  such  an  interval  between  successive  stimuli  of 
litablc  strength  as  shall  not  only  not  hasten,  but  perhaps  even  retard, 
gradual  normal  exhaustion  following  upon  removal  from  the  body. 
In  other  words,  it  is  probable  that  the  exhaustion  caused  by  a  con- 
tnctfon  is  immediately  followed  by  a  reaction  favourable  to  the 
f  of  the  muscle;  and  this  possibly  is  the  real  reason  why  a 

,  increased  by  use. 
\\  lv:i\  a  muscle  is  subjected  to  a  prolonged  tetanus  the  course  of 
tkl»»ustion,  as  indicated  by  the  varying  heights  to  which  the  load  is 
:\y  raised  by  the  repeated  contractions,  is  at  first  very  ftloW| 
s  more  rapid,  and  finally  slow  ag^ain, 

""  'jnt  of  the  load,  provided  this  be  not  too  great,  has  no 

on  the  course  of  exhaustion.     If  two  muscles  be  after- 

.,    ...     ah  a  heavy, the  other  with  a  light,  weight, and  stimulated 

same  mtervals  with  the  same  stimulus,  the  course  of  cxliaustion 
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wlB  be  pmll^  in  the  two  cases,  thongii  the  more  beavity  ladeo  muscle, 
respoDoing  ai  the  outset  with  smaller  contractions  than  the  more  highly 
laden  one,  will  be  the  first  to  enter  that  stage  of  exhaustion  at  which 
the  contractions  cease  to  be  t-isible  i.  The  abo\-e  is  probably  only  true 
for  weights  up  to  the  standard  which  is  moit  favourable  for  the  moscles* 
doing  work :  sec  axU,  p.  90.  Weights  heavier  than  this  quicken  ex- 
haustion i  and  the  mere  extension  caused  by  loading  with  a  heavy 
weight  (even  when  unaccompanied  by  a  contraction)  i*  exhausting. 

Whether  there  be  a  third  factor,  f>.  whether  muscles  for  instance 
are  governed  by  so-calJcd  trophic  nerves  which  affect  their  nutrition 
directly  in  sonie  other  way  than  by  infiaencing  either  llieir  blood-supply 
or  activity,  must  at  present  be  left  undecided. 

Muscles  exhausted  by  prolonged  action  may  have  their  irritabiHty 
temporanly  restored  by  passing  through  them  for  some  time  a  constant 
current. 

In  exhausted  muscles  the  elasticity  is  much  diminished  ;  the 
tired  muscle  returns  less  readily  to  its  natural  length  than  does  the 
fresh  one. 

The  exhaustion  due  to  contraction  maybe  the  result: — (t) 
Either  of  the  consumption  of  llie  store  of  really  contractile 
material  present  in  the  muscle*  Or  (2)  of  the  accumulation  in 
the  tissue  of  the  products  of  the  act  of  contraction.  Or  (^  of 
both  of  these  causes. 

The  restorative  influence  of  rest  may  be  explained 
supposing  that  during  the  repose^  either  the  internal  chang 
of  the  tissue  manufacture  new  explosive  material  out  of  the 
comparatively  raw  material  already  present  in  the  fibres^  or  the 
directly  hurtful  products  of  the  act  of  contraction  undergo  changes 
by  which  they  sic  converted  into  comparatively  inert  bodies.  A 
stream  of  fresh  blood  may  exert  its  restorative  influence  not  only 
by  quickening  the  above  two  events,  but  also  by  carrying  off  the 
immediate  waste  products  while  at  the  same  time  it  brings  new 
raw  material.  It  is  not  known  to  what  extent  each  of  these  parts 
is  played.  That  the  products  of  contraction  are  exhausting  in 
their  effects,  is  shewn  by  the  fact  that  exhausted  muscles  are 
recovered  by  the  simple  injection  of  inert  saline  solutions  intu 
their  blood-vessels  ;  and  that  such  bodies  as  lactic  acid  injected 
into  a  muscle  cause  rapid  exhaustion  ;  a  striking  jnstance  is  seen 
in  the  effect  of  dilute  alkalis  in  restoring  the  beat  of  the  exhausted 
frog's  heart.  One  important  element  brought  by  fresh  blood  is 
oxygen.  This,  as  we  have  seen,  is  not  necessary  for  the  carrj^ing 
out  of  the  actual  contraction,  and  yet  is  essential  to  the  main- 
tenance of  irritability.     It  is  probably  of  use  as   what   may  be 

»  Kroneckcr,  Ludwig's  Arbeiim^  1871* 
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called  intm-mokcul.ir  oxygen  *  in  preparing  the  explosive  material 
^bose  decomposition  gives  rise  to  the  carbonic  ncid,  and  other 
roducts  of  contraction. 

It  is  Slated  by  Kronecker''  that  oxygen,  not  in  the  form  of  oxyhjjimv 
flobin,    but   administered    routjhly   in   the   form   of   an   injection    of 
rm:inganale  of  potash,  restores  the  irrilabiUiy  of  exhausted  miHcIe. 
Arier  proIon;^ed  artificial  excitation  of  a  muscle  within  the  birly  the 
chaustion  is  .ic  -ompanied  or  rather  followed  by  histological  changes 
the  nature  of  degeneration. 


Sec.  6.     A  fitrther  DiscusstOM  op  somk  points  in  the 
Physiology  of  Muscle  and  Nerve. 

TIkf  EUct-ical  Phemmena  of  MuscU  and  Nerve, 

The    Natural    Currents.     The    Prc-cxistcnce    Theory.     As   was 

tated  on   p.  64,  du  liois-Reymond  and  tSosc  with  him  bcliet^e  that 

:tric  currents  naturally  exist  cvcu  in  unt*:>uchcd»  pcrferlly  uninjured 

kusclcs  and  nerves  ;  and  their  view  is  generally  spoken  of  as  **  The 

Prc-exlstencc  Theory."     According  to   that    theory,   the   muscle  (or 

nerve)  is  made  up  of  electro-motive  particles  or  molecules  imbedded 


LS 
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t<«      DlAGVAK  TO  tLLOBTRATI  DU    BoiS-RmYMO^To's   &LSCT«0-»OriVS  UOUKOLSS. 

Peripolar  Ccmditton. 


^  ffr:rent  and  imperfectly  conducting  medium.     Each  molecule 

jonceived  of  as  presenting  a  negative  surface  to  the  ends  or 

section^  an  1  a  positive  surface  to  the  longitudinal  surface 

<if  the  muscle ;  the  molecule  in  fact  may  be  regarded  a>  a 

liter)'  whose  positive  and  negative  poles  arc  at  the  longi- 

and  transverse  surfaces  respectively.     For  reasons  which  will 

presently  the  molecules  are  further  supposed  to  be  not  single 

ble,  each  half-molecule  cvjnsisting,  as  !>hewn  in  Fig.  16,  of  a 

and  ncj^ative  part,  and  the  two  positive  pans  of  the  two  halves 

ijgether  so  that  the  double  molecule  still  prcicnis  u 

'  to  each  ev\A  or  transverse  section  and  a  positive  surface 

\\,r  I  .ri^'uuumal  surface  or  section  of  the  muicle. 

The    presence    of   the   (so-called   peripolar)    molecules  disposed 

•  Cocnpare  the  section,  in  a  liter  portion  of  the  work,  on  The  Keq>ir«tor^ 
OmiSA  tn  the  Tissues* 

•  laidwtg's  Afhfiun,  1S71, 
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throughout  the  substance  of  the  muscle  will  give  rise  to  currents  in 
the  medium  by  which  ihey  are  all  surrounded.  Around  each  molecule 
will  stream  currents  circhng  from  the  positive  middle  to  the  nc^tive 
ends ;  owing  to  the  imperfect  conductivity  of  the  medium  ihc:>e  currents 
win  not  dnly  flow,  as  shewn  in  the  diagram,  in  the  immediate  neigh* 
tjourhood  of  each  molecule,  but  will  extend  in  more  or  less  concentric 
lines  at  some  distance  from  the  mulecuie.  Hence  when  the  elec- 
trodes of  a  galvanometer  are  connected  with  two  points  of  the  surface 
of  the  muscle,  the  defle-:tion  of  the  ncc  11c  will  indicate  a  surface  current 
which  is  a  resultant  of  the  numerous  currents  of  the  several  molecules. 
And  a  little  consideration  wili  shew  that  the  direction  and  intensity  of 
the  currents  passing  through  the  galvanometer  in  different  positions  of 
the  electrodes  will  be  such  as  is  dL-scribed  on  p,  63  and  illustrated  by 
the  diagram,  Fig.  13.  It  ncc  1  h.trdly  be  added  that  the  hypothesis  of 
electro- motive  peripolar  molecules  is  applied  to  nerves  as  well  as  to 
muscles. 

Du  Bois-Rcymond  was  led  to  conceive  of  these  molecules  as  being 
double  instead  of  single  in  order  that  he  might  cxplam  the  origin  of  the 
so-called  electrotonic  currents  whih,  as  we  shall  presently  see,  arc 
developed  when  a  nerve  is  subjectei  to  the  action  of  a  constant  current. 
For  he  supposed  th:it  under  certain  circumstances  (amcm;^  these  the 
passage  into  the  nerve  of  a  constant  current  j  each  half  of  Ciich  molecule 
could  be  partially  or,  as  shewn  in  Fig.  17,  completely  reversed,  so  thai 


Fig  17.    Diagram  illustrating  du  Bois-Rky.^ond's   Molkculbs  m  rn&in  Birdi.Ait 

Condition. 

in  each  half-mokcule  the  positive  surface  was  directed  to  one  end  and 
the  negative  surface  to  the  other  end  of  the  piece  of  nerve.  The 
molecule  thus,  from  being  peripolar  becomes  bipolar,  and  the  currents 
discharged  by  each  molecule  into  the  surrounding  medium  have  all 
the  same  direction. 

In  order  to  explain  the  undoubted  fact  that  'natural'  currents  are 
either  absent  or  exceedingly  feeble  in  untouched  uninjured  muscles,  du 
BoiS'Reymond  supposes  that  the  ends  of  the  muscle  in  cont.^ct  with 
the  tendons  arc  composed  of  a  layer  or  region  in  which  all  the  molecules 
have  their  positive  instead  of  their  negative  surfaces  looking  to  the 
ends  of  the  muscle.  The  molecules  of  this  region,  which  he  calls  iAe 
parcUctroHOHtic  region,  may  be  looked  upon  as  bipolar,  and  the 
arrangement  shewn  in  Fig.  17  miy  be  taken  as  illustrating  the  con- 
dition of  the  molecules  in  this  parelcctronomic  region.*     Obviously  the 

»  Since  in  the  figure  ihc  positive  surfaces  of  the  molecules  looks  to  the  Icft- 
huid  >ide  of  the  |Kige,  the  end  of  the  muscle,  of  which  they  may  be  suppOMsd 
to  represent  parelectrunotnic  elements,  must  also  be  con!>idered  ai>  directed  to 
the  IcP.-hiiiKl  side  of  the  page. 


LP.    Uj 


THE  CONTRACTILE  TISSUES. 


103 


currenU  which  the  clcctro-motlve  molecules  develop  in  this  region  are 
opposed  in  direction  to  those  originaung  in  the  rest  of  the  musclt;,  and 
hence  either  partially  or  wholly  conceal  the  existence  of  the  latter. 
The  development  of  this  parclectronornic  region  is  stated  by  du  Uojs- 
Re>'niuQd  to  be  greatly  a^sj^ted  by  cold,  but  Hermann,  who  of  course 
wholly  denies  the  existence  of  any  such  region,  finds  no  electrical 
differences  in  frogs'  muscles  kept  in  u  warm  room  from  those  kept  in  an 
ice-cold  cellar,  though  when  currents  arc  developed  they  are  increased 
by  flin  elevation  of  temperature. 

It  is  obviously  reasonable  to  infer  that  if  this  view  of  du  Buis-Rcy- 
mond's  be  correct,  if  natural  currents  do  exist  in  muscles  with 
unlouched  natural  tcrminiiiono  but  exist  miskcd  by  the  parelectro- 
nomic  region,  they  would  manifest  themselves  in  full  force  imme- 
diately, without  loss  of  time,  upon  the  removal  or  destruction  of  ihc 
pjirclcctronomic  region  ;  whereas  if  Hermann's  view  be  correct  that 
the  currents  do  not  pre-exist  but  are  developed  by  chemical  changes 
due  to  the  injury  (or  commencing  death)  of  the  ends  of  the  muscle,  it 
wtfuld  be  expected  that  a  measurable  interval  would  elapse  between, 
for  instance,  the  tearmg  or  cutting  off  the  end  of  a  muscle  and  the 
8ppca.raitce  of  the  muscle-currents  in  their  full  intensity.  Aad  Hermann 
has  attempted  to  shew  that  such  an  mterval  does  exi>t,  P*or  this 
purpose  he  mikes  use  of  the  fdU-rfteotome^  an  instrument  the  nature  ti^i 
which  may  l>e  explained  here,  as  it  is  applicable  for  other  purposes 
besides  tlie  one  in  que^ion. 

A  weight  (Fig.  18)  is  let  fall  from  a  height  of  about  4  feet  in  a 
course  indicated  by  the  arrow  and  the  dotted  lincj.  la  fallmg  it 
cumes  in  contact  with  the  exposed  lower  tendinous  expansion  of  the 
ocncmius  muscle  M  stretched  over  the  ebonite  blojk  Q;  and 
g  this  off  presumably  removes  to  a  greater  or  less  extent  the 
ronomic  region  of  du  Bots.  The  muscle  itself  at  two  points 
"  U  connected  with  the  galvanometer  G^  but  in  the  circuit  are 
two  keys  x  and  y  which  are  so  arranged  that  the  weight  in 
>  a  projecting  part  of  jr,  and  chm  the  galvanometer 
.hing  the  opposite  end  of  jr  against  the  metal  arc  s)  \  and 
n  ijp>  ni  the  circuit  by  pushing  down  the  projecting  pirt  of  j'* 
Tbofc  in  certain  definite  successive  times,  which  can  be  calculated 
the  rate  with  which  the  weight  falls,  the  tendinous  end  of  the 
Ic  is  torn  off,  the  galvanometer  circuit  is  closed  so  that  any 
current  present  parses  into  the  galvanometer,  and  the  circuit 
opened,  immediately  after  such  an  observation  has  been 
riLl  ih:  lieflection  noted,  the  keys  are  replaced,  the  weight  is 
ind  again  let  fall,  and  the  detlcclion  again  noted  ;  durmg 
til  the  muscL',  though  sidi  in  connection  with  the  ^aP 
c  cr  wires,  is  not  affected  by  the  weight.  The  first  detlcnion 
itcrd  by  the  current  which  is  present  in  the  muscle  an  extremely 
n  uf  a  second  after  the  stripping  off  the  tendon,  the 
»ec^  Huced   by  the  current   present  in  the  muscle  a  certain 

ttOfit  1-.  later.    The  currents  pass  thr'  .     r 

ios  '  .  vii.  that  taken  up  by  the  wt  1  • 


n«:n' 


II   <»ne  deflection  is  greater  thai; 
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todticiftg  It  is  the  stronger  of  the  two  currents.    In  all  cases,  iAccoiTliog 
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?IG.    l8.     A  DlACKAM  TO  11XU5TRATH  THE  FaLL-RhIOTOIU. 

The  ex]pIajiAtion  of  most  of  the  Fpircs  of  reference  is  given  in  the  text.  «,  the  space  com^ 
frised  betweeti  the  two  first  doited  horiiontal  lines,  iservcsi  us  ft  meiuiire  for  the  time  taken  ia 
■tripping  oif  the  tendon.  x>  timilArty  serves  lo  mea&ure  the  time  clar>4iTi|f  Ivetwern  the 
be^ioninj^  of  ^^  itrippinc  off  the  le-mion  ami  the  cliwirc  of  the  galvanonieicr  drciui.  f  U 
k  Tcveriinj;  key  conneclea  with  a  com{jeiu:Llor,  the  u%e  gf  which  iit  ndi  referred  (o  in  tl>e  text, 
for  btcvit)''$  sake,    n  the  hook  by  which  the  |{aBtrocncmiu5  it  listened* 

10  Hermann,  the  second  deflection  is  stronger  than  the  first,  i.r.  m 
ihe  tirst  c:ise,  the  muscle-current  has  not  reached  its  full  strength,  or 
in  other  words,  the  current  developes  after  the  injury,  imd  is  not 
present  in  full  force  a  measurable  time  after  the  removai  of  the 
pareleclronomic  la)er. 

The  argument  based  on  this  is  perhaps  not  very  conclusive^  but  as 
far  as  it  goes  it  is  adverse  to  the  pre-existence  theory. 

It  might  be  imagined  that  the  currents  which  may  be  observed, 
when  the  electrodes  connected  with  a  galvanometer  arc  placed  in 
contact  with  various  points  on  the  surface  of  a  living  body  (human  or 
other,  indicate  the  pre-existcncc  of  muscle  currents ;  but  it  is  im- 
possible to  prove  that  these  currents  arc  anything  but  cutaneous 
currents;  and  indeed  in  fishes,  according  to  Hermwnn,  where 
ruiiineous  currents  are  absent,  no  such  'body'  currents  can  be 
witnessed. 

As  regards  the  pre-existence  of  a  current  in  nerves,  n  quite  similar 
contention  exists  ;  the  uninjured  nerve  m  the  body  is  isoelectric  ;  the 
I)roof  of  a  normal  current  here  is,  to  say  the  least,  no  stronger  than  in 
the  case  of  the  muscle. 

The  diaj^am,  Fij^  1 3,  p.  63,  as  was  stated^  illustrates  the  curret>is 
observable  in  a  cylindrical  muscle  composed  of  parallel  fibres,  and 
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with  tolerably  rectangular  terminations.  In  muscles  not  having  this 
fonn,  the  direction  of  the  currents  is  different.  Thus  in  a  rhomb  cut 
from  a  muscle  with  panille!  fibres  the  most  positive  |>ortions  instead  of 
being  at  the  equator  ot  the  long-itudinal  surface  arc  nearer  the  obtuse 
angles ;  and  the  most  negative  points  instead  of  being  at  the  centres 
of  the  transverse  sections  are  nearer  the  acute  angles.  In  the  frog's 
gastrocnemius^  in  which  the  fibres  have  a  characteristic  arranig^ement, 
the  directions  of  the  currents  differ  considerably  from  the  scheme  given 
for  regular  muscles.  The  currents  observed  agree  however  with  tho^e 
Jtheorctically  deduced  from  a  considcraition  of  the  currents  of  a  rhomb 
■of  muscle  and  of  the  arranj^ement  of  the  gastrocnemius  fibres. 

The  CurrtDia  of  Action.  It  was  stated  above,  pp.  68—77,  that 
Bernstein  had  shewn  that  the  *  negative  variation'  or  current  of 
[action  passed  along  a  muscle  or  nerve  from  the  spot  stimulated  in  the 


Waa.  t^    A  Duo  RAM  to  illustkats  Bski«stkim*s  DtrPBHENTiAt  RioitrroMB. 


of  the  fi«tu«s  of  refercaee  is  fiwen  in  the  text,    llie  kticr  p  fcfcrrins  Jo 
whidi  dflkc*  th«  wire  w.  U  attAched  to  the  r^d  only  in  the  po^itioa  x.    Similarly 
/",  /•  »r*  QDty  given  in  the  positiou^'. 


fecm  of  a  wave  iravclling  in  the  nerve  at  the  same  ntc  as  the  nervous 
in  the  muscle  at  the  same  rate  as  the  contraction. 
Tlie  principle  of  the  difftrential  rkeoiome  by  which  Bernstein  was 
"*   *  to  establish  this  fact,  is  as  follows.    A  rod  r  (Fig.  19)  is 
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made  to  rotate  with  a  definite  velocity  about  an  axis  a.  At  one  end 
of  the  rod  is  a  steel  pointer  p  passing  obliquely  downwards,  at  the 
opposite  end  are  two  other  steel  pointers  p\  p\  also  passing  obliquely 
downwards  and  connected  with  one  another.  As  the  rod  rotates  the 
pointer  p  conies  in  contact  at  one  part  of  its  course  with  a  stretched 
wire  w^  and  the  pointers  p\  p'  at  mvt  part  of  their  course  dip  into 
two  isolated  niercur>'  cups  //i,  ni.  The  effect  of  p  coming  in  coni*ct 
with  iv  is  to  stimulate  the  ner\^e  «,  since  it  closes  the  primary  circuit 
<ff£rrt2f,  and  thus  causes  an  induced  current  in  the  secondary  coil  <;' 
The  eflfect  of  ^',  /"  dipping  into  w,  m'  is  to  send  into  the  galvanomeiei 
any  nerve-current  present,  since  it  closes  the  circuit  mti Gm'.  Any 
current  of  rest  present  in  the  nerve  is  compensated  by  an  arrange- 
ment nut  shewn  in  the  figure,  so  that  in  the  non-stmiulated  nerve,  no 
deflection  of  the  needle  follows  closure  of  the  galvanometer  circuit. 
It  will  be  seen  that  in  the  position  x  of  the  wire  tif  the  contact  of 
p  with  w,  and  of  p\  p"  with  m,  m'  is  made  at  the  same  time, 
that  is,  the  nerve  is  stimulated  and  the  galvanometer  circuit  closed  at  the 
same  instant.  Accordingly  if  the  rod  r  be  made  to  rotate  rapidly, 
with  11/  m  the  position  jr^  the  nerve  will  be  siimulated,  and  the  gal- 
vanometer circuit  closed  at  the  same  instant,  a  number  of  times  in 
succession  corresponding  to  the  number  of  rotations.  When  this  is 
done,  it  is  found  that  no  deflection  of  the  galvanometer  needle  takes 
place,  though  if  the  galvanometer  circuit  be  kept  closed  by  connecting 
M,  m  without  the  aid  of  p'  p",  the  repeated  contact  of  ^  with  it/  as  r 
rotates  does  produce  a  rnnst  distinct  dlcflection.  The  conclusion  from 
this  is  that  the  electric  change  in  liie  nci"ve,  started  by  each  contact  of 
p  with  w,  has  not  had  time  to  aiTect  the  galvanometer  before  p\p'* 
Qave  left  iw,  m\  but  has  passed  away  before  />,  p"  rome  in  contact  with 
fWj  tff  at  the  next  rotation  ;  in  other  words,  th;u  the'change  of  condition 
which  leads  to  the  current  is  not  established  inbiantaneously  in  the 
nerve,  but  takes  some  appreciable  time  tn  luss  from  the  stimulated 
spot  to  the  electrodes  cuimecicd  with  the  gidv.inomcter. 

If  now  the  position  of  the  wire  ic>  be  shifted  on  the  arc  A  a  short 
distance  towards  y^  then  p  will  touch  u>  before  p\  p"  come  to  the 
mercury  cups  ;  that  is,  there  will  be  a  short  measurable  interval 
between  the  stimulation  of  the  nerve  and  the  closure  of  tl^e  galvano- 
meter circuit.  Suppose  then  a  succession  of  experiments  are  made  in 
each  of  which  wis  moved  an  increasing  distance  towards j' ;  it  will 
be  found  that  at  a  certain  distance  from  x  a  slight  deflection  is 
obtained,  and  as  the  distance  from  x  increases  the  deflection  increases, 
goci)  on  increasing,  reaches  a  maximum,  then  diminishes,  and  finally 
when  say  w  is  at  jr  disappears  again.  Now  in  all  cases  the  deflection 
is  such  as  to  indicate  a  current  from  c'  through  the  galvanometer  to  •, 
that  is  as  w  is  moved  towards/ the  first  effect  observed  is  that  t 
becomes  slightly  negative,  the  negativity  then  increases  up  to  a 
maximum,  and  afterwards  diminishes  until  once  more  f  is  in  the 
same  electric  condition  as  *'.  That  is  to  say,  when  a  ner%*e  is 
stimulated  at  any  point,  a  part  of  the  nerve  at  some  distance  from 
the  point  stimulated  does  not  become  negative  until  a  certain  time, 
dependent  on  the  distance  from  the  point  stimulated,  has  elapsed  ; 
further  tlic  negativity  is  developed  gradually  with  a  certain  rapidity, 
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and  having^  reached  a  maximum  declines  and  disappears  ;  in  other 
words,  the  ne^^'ativity  travels  along  the  nerve  from  the  spot  stimulated 
the  fonn  of  a  wave.  Obviously  by  noting  the  position  of  w  in  the 
trious  experiments  and  the  rapidity  of  rotation  of  r,  the  rapidity 
ith  which  this  condition  of  ne;^aiivity  travels  dovrn  the  nerve  to  « 
and  itj  duration  there  can  be  calculated.  It  was  in  this  way  that 
Bernstein'  obtained  the  results  quoted  at  the  beginning  of  this  section. 
The  san\e  method  maybe  applied  to  muscle  by  substituting;  a  curarizcd 
lusclc  for  the  nerve. 
The  necessity  of  employing  a  series  of  rotations,  and  thus  of 
lying  the  effects  not  of  a  single  stimulus,  but  of  the  sum  of  a 
ics,  arises  from  the  fact  that  though  the  current  of  action  devclope*! 
a  single  induction  shock  may  be  shewn  by  a  suitable  galvanometer^ 
iSe  indications  are  not  sufficiently  delicate  to  mark  the  very  beginning 
and  the  very  end  of  the  current,  />.  to  give  the  exact  limits  of  the 
rave. 

If  then,  as  seems  clearly  shewn  by  the  above,  each  point  of  the 
re  or  muscle  becomes  negative  during  the  nervous  or  mtiscnlar 
ipube,  several  dilBcultics  present  themselves.     Thus  it  is  obvious 
kat  a  nervous  (or  musculir)  impulse,  started  say  by  a  single  induction 
:k,  must  give  rise  at  any  point  not  to  one  otily  but  to  two  currents, 
id  those  in  opposite  directions.     For  as  the  wave  of  the  impulse 
travels  down  the  fibre  (Fig.  20)  in  the  direction  of  the  arrow,  a 
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negative  and  a  current  is  developed  which  passes  through 
galvanometer*  from  d  to  a.  Almost  immediately  afterwards  d 
negative,  while  the  negativity  of  a  diminishes  or  disappears. 
ft  should  accordingly  expect  to  find  a  second  current  parsing  through 
galvanometer  from  a  to  /^.  And  practically  such  a  double  current 
was  ob:»erved  long  ago 3  and  has  been  called  by  du  Bois-Reymond  the 
Moublc  variation/  Indeed  the  prominence  at  times  of  the  one  or  the 
ocber  current  in  the  hands  of  various  experimenters  gave  rise  to  a 
ccntrover&y  as  to  whether  the  variation  caused  by  a  single  induction 
•liock  was  positive  or  negative  in  character. 

•  C/ttftrsucA.  a.  d,  Errt^^ngsvor^^H!^  im  Nerv*n-  und  Mmktlsyiitmi^  187 1» 

*  In  all  (>)c  account  which  follows  the  direction  of  the  current  spoken  of  is 
be  Anpt>^*<l  to  be  thAt  of  the  current  thti»4gh  tkt giUvatttnuttr, 

Mayer,  Arthwf,  Anai,  m,  F^s,  i8t>8,  p,  655. 
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But  if  such  a  double  current  is  developed  between  any  two  points, 
it  is  obvious  that  when  a  muscle  or  nerve  is  tetanized  and  wave  after 
wave  of  impulse  and  therefore  of  negativity  passes  ovt^r  boih  points, 
the  current  from  a  to  b  of  one  impulse  will  neutralize  or  at  least  tend 
to  neutralize  ilie  current  from  b  to  a  of  the  succeeding  impulse.  We 
are  driven  to  suppose  tliat  the  current  which  is  observed  duriag  tetanus 
as  the  negative  variation  or  current  of  action  from  b  to  a,  is  able  to 
manifest  itself  because  at  each  impulse  it  is  ^cater  than  the  current 
from  a  to  d.  Such  a  difference  between  the  opposmg  currents  might 
arise  either  from  the  wave  of  impulse  diminishing  along  its  whole 
progress,  or  from  its  diminishing  suddenly  at  the  end  of  the  fabrc,  or 
from  both  causes  combined  If  the  negativity  assumed  by  d  when 
the  impulse  reaches  it  is  less  than  the  negativity  assumed  by  a  when 
the  impulse  reaches  it,  the  current  from  a  to  b  will  be  less  than  that 
from  if  to  ii\  and  this  will  be  true  whatever  the  position  of  a  and  if  on 
the  ribrc. 

Bernstein  found  that  in  muscle  the  'negative  variation  *  diminiT-hcd 
in  its  course.  Du  Bois-Reyniond  stated  that  this  was  true  of  exiinustcd 
muscle,  but  was  not  true  of  uninjured  muscle  for  a  short  time  after 
removal  from  the  body,  Hermann  finds  that  in  muscle  removed  from 
the  body  and  thus  deprived  of  its  blood  circulation  there  is  always  a 
gradual  diminution  of  the  current  of  action  as  it  travels  own  the  fibres, 
whether  the  muscle  be  urarized  and  stimulated  directly,  or  not  uranicd 
and  stimulated  indirectly  by  means  of  its  nerve.  In  the  latter  case 
two  currents  of  action  proceed  from  approximately  the  middle  of  the 
muscle  (the  region  of  the  end-plates)  towards  the  ends,  dimmishing  as 
they  go.  He  round  that  the  diminution  was  greater  as  the  muscle 
became  more  exhausted,  in  this  confirming  du  Bois-Reymond.  Her- 
mann brings  forward  also  some  experiments  to  shew  that  the  dimi- 
nution is  equally  distributed  throughout  the  course  of  the  current,  so 
that  the  diminution  is  equal  for  equal  distances  of  mus:le  traversed. 

Now  in  muscles  in  which  by  cutting  off  one  end  currents  of  rest 
have  become  conspicuous,  du  Ikiis-Reymond  has  shewn  tliat  the 
current  of  action  obtained  by  tetanizing  the  muscle  is  greater  than 
that  obtained  by  similarly  tetanizing  an  uninjured  muscle^  so  that  in 
the  former  case  either  the  current  of  action  is  in  itself  greater  or  the 
negativity  diminishes  more  rapidly  along  the  whole  or  m  some  part 
of  the  course  of  the  fibre  {i.e.  the  difference  between  the  currents  b  to 
a  and  i2  to  ^  becomes  more  mar-ked  in  favour  of  that  from  b  to  a). 
By  comparing  with  the  help  of  the  fall-rheotome  the  amounts  of 
deflection  of  the  galvanometer  in  the  two  cases  when  single  induction 
shocks  are  sent  into  the  muscle,  Hermann  concludes  that  the  wave  is 
not  absolutely  less  in  the  uninjured  muscle,  so  that  the  greater  deflcc^ 
lion  obtained  in  tetanizing  a  muscle  with  an  artificial  cross- section  must 
be  due  to  the  current  from  a  io  b  being  less  than  is  the  case  in  the 
uninjured  muscle.  This  may  in  part  be  due  to  a  greater  diminution 
of  the  stimulus  wave  as  it  travels,  but  is,  as  we  shall  see,  probably  in 
large  part  due  to  a  rapid  diminution  or  indeed  extinction  of  the  wave 
when  it  reaches  b. 

■    Hermann,  with  the  aid  of  the  differential-  and  fall'rheotome,  duds 
that  in  all  uninjured  muscle,  whether  stimulated  directly  or  indjjrectlxi 
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the  two  currents  from  ^  to  a  and  from  a  to  d  may  be  observed  as 
described  above.  This  fir^t  he  calls  ad-Urminal^^  and  the  second 
ab-Urmimal:  the  two  bemg  named  pkaxic  currents.  The  former  he 
finds  always  greater  than  the  latter.  In  a  muscle  with  an  artiAcial 
crosvscction  he  linds  that  as  in  an  iininjiiTtrd  muscle  two  currents  are 
dcvclop<:d  between  two  points,  provided  one  be  not  at  the  cross-seciton, 
as  from  b'  to  <t  and  from  a  to  b'  (Fig.  20),  but  between  two  points,  one 
of  which  is  at  the  section,  as  a  and  b^  only  one  current  is  obscrvablC) 
K\t.  that  from  b  to  /i,  i,e.  the  wave  disappears  at  b ;  the  end  of  the 
muscle,  for  some  reason  or  other,  does  not  become  more  negative. 
From  these  experiments  Hermann  concludes  that  in  uninjured  muscle, 
the  current  of  action  observed  by  the  ordinary  method  without  a 
rhcotome  is  due  to  the  diminution  of  the  stimulus  wave  as  it  tmvels, 
but  that  the  current  of  action  similarly  observed  when  currents  of  rest 
are  present  has  an  additional  factor*  viz.  the  absence  of  any  power  of 
the  wave  to  affect  the  end  of  the  fibres. 

Hermann  further  states  that  when  two  moistened  threads  are  passed 
found  the  fore-arm  of  a  man,  the  one  about  the  middle,  the  other  at 
the  wrist,  and  conne:ted  by  the  usual  electrodes  with  the  galvanometer, 
tetanizing  the  muscles  by  stimulating  the  nerves  in  the  upper  arm 
causes  no  deflection  of  the  galvanometer;  no  action  currents  are  in 
this  cftJie  perceptible. 

(  Hiis  is  in  contmdiction  to  the  result  of  the  classical  experiment  of 

Bois-Reymond,"  in  which  the  index  fingers  of  the  two  hands  being 
d  into  vessels  containing  salt  solution  and  connected  with  a 

ivanometer,  a  deflection  of  the  needle  takes  place  whenever  the 
muscles  of  the  one  or  the  other  arm  are  thrown  into  contraction  by 
voluntary  cflTort  \  the  direction  of  the  deflection  indicates  the  develop- 
ment of  an  ascending  current  in  the  active  ann,  and  the  ascending 
cuirent  thus  produced  is  regarded  as  the  resultant  of  the  *  negative 
irariattons '  or  currents  of  action  of  the  various  muscles  thrown  into 
contraction.  But  this  experiment^  though  long  looked  upon  as  a 
satbiictory  proof  of  a  *  current  of  action'  or  *  negative  variation,' 
is  roiCftrdcd  by  Hermann  as  valueless  in  this  respect,  inasmuch  as  the 

cut ■'  -^'"'''rvcd  is  according  to  him  simply  a  cutaneous  current,) 

her  hand,  if  the  rheotome  be  used  so  that  the  ad-  and 
ml»  vavcs  present  can  be  separated  and  recognized,  the  two 

w.i  jnd  to  be  present  but  to  be  of  equal  strength  ;  thus  in  the 

br- ;  iniired  mus'^le  with  normal  circulation  the  wave  does  not 

driiimi%h  m  its  course,  and  hence  the  two  waves,  the  ad*terminal  and 
ab-fermioAl,  compensate  one  another  and  cannot  be  detected  in  the 
OPdifiAry  manner  of  looking  for  currents  of  action  in  tetanus.  The 
K^Kdity  of  trinsmission  of  the  wave  in  the  above  experiments  was 
to  to  15  metres  per  second. 

In  the  rase  of  ner\'e5,  since  the  rapidity  of  the  nervous  tmptilse  is 
rneater  than  the  rapidity  of  the  stimulus  wave  of  muscle,  the 
•^Aimtion  of  the  ad-  and  abterminal  current  is  naturally  more  difficult. 

*  Sinot  die  direction  of  lite  current  in  tktmusde  completing  the  cireuit  woukl 
tr^PJMnfj  themd  uf  the  fibre. 

•  IJml€rtU£h.  a,  tkuristhi  Eltctruitdi,  Bd.  fl.,  Ablh.  1,  p.  276  (t86o). 
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But   Hermann  by  usin^  packets  of  the  sciatic  nerves  (frog's) 
cooling  them  down  to  d"  in  order  lo  lessttn  the  rapidity  of  the  nervous 


0  and 
ipidity 

impulses,  has  obtained  results  analog:ous  to  (hose  just  described  in 
reference  to  muscle. 

Since  the  part  of  the  muscle  which  is  at  any  moment  stimulated 
becomes  negative,  if  the  whole  of  the  uninjured  muscle  from  end  to 
end  were  stimulated  equally  at  the  same  time,  every  part  would 
become  equally  negative,  and  no  current  would  occur.  Hermann 
finds  that  under  such  circumstances  no  current  does  occur.  This 
experiment  perhaps  requires  confirmation,  as  it  is  not  certain  that 
it  is  possible  by  the  method  given  to  equally  stimulate  all  parts  of  the 
muscle. 

To  recapitulate.  According  to  the  views  of  Hermann  and  his 
followers,  the  living  untouched  muscle  is  isoelectric  and  the  typical 
currents  of  rest  arc  developed  in  consequence  of  the  ends  of  the 
muscle  dyin;^,  and  therefore  becoming  negative  To  the  experimental 
evidence  quoted  on  p.  65,  we  may  add  that,  according  to  Hermann, 
parts  of  other  tissues  besides  muscle  and  nerve  become  on  dying 
negative  relatively  to  Oving  parts  of  the  same  tissue,  and  that  according 
to  Engelmann',  although  the  section  of  a  skeletal  muscle  removed 
from  the  body,  unlike  the  section  of  cardiac  muscle,  remains  negative 
for  an  indefinite  time,  the  negativity  which  appears  at  the  cross-section 
of  a  muscle  divided  subcutaneously  disappears  after  a  while  in  con- 
sequence of  the  cut  surfaces  being  restored  to  a  living  condition  by  the 
help  of  the  blood-stream.  It  may  be  urged  as  a  difficulty  against 
Hermann's  view,  that  if  in  a  muscle  it  is  only  the  negativity  of  the 
cut  and  dying  portion  which  gives  rise  to  the  currents  of  rest,  we 
should  not  expect  the  current  from  the  equator  to  the  cross-section  to 
be  greater  than  one  from  a  point  nearer  the  cross- section,  seeing  that 
the  resistance  is  greater  in  the  former  case. 

According  to  the  same  school  the  current  of  action  is  due  to  the 
substance  of  the  muscle  which  is  at  any  moment  the  subject  of  an 
impulse  wave  becoming  at  that  time  negative  towards  the  rest  of  the 
muscle  ;  hence  as  the  wave  proceeds  along  the  fibres  ad-terminal  an  I 
ab-terminal  currents  of  necessity  make  their  appearance  as  successive 
points  of  the  muscle  or  nerve  substance  reach  their  maximum  of 
negativity.  In  the  tetanus  of  an  uninjured  unexhausted  muscle  the 
ad-terminal  and  ab-terminal  currents  neutrahze  each  other  and  no 
total  current  can  be  manifested  through  the  galvanometer.  In 
exhausted  but  otherwise  uninjured  muscle  the  negativity  of  the 
impulse  wave  diminishes  as  the  wave  proceeds.  Hence  the  ab- 
terminal  current  is  w.eaker  than  the  ad-terminal,  and  the  excess  of  the 
latter  makes  itself  manifest  as  the  so-called  negative  variation.  In  a 
muscle  with  an  artificial  cross- section  the  ad-terminal  current  and  so 
the  negative  variation  is  still  more  conspicuous  on  account  of  the  end 
of  the  fibre  not  being  affected  by  the  wave  at  all,  and  the  ab-terminal 
current  being  here,  therefore,  wholly  absent 

Du  Bois-Reyroond  on  the  other  hand  and  those  with  him,  regard 
the  currents  of  rest  as  due  to  the  electro-motive  molecules,  and  explain 

•  rfliigier's  Archiv^  XV,  {1877),  p,  jaSw 
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the  absence  of  currents  in  the  uninjured  muscle  by  the  presence  of 
the  parelectronomic  region  or  layer.  They  regard  the  negative 
vamtion  as  due  to  an  absolute  diminution  in  the  energy  of  the  mole- 
cules. In  the  case  of  uninjured  muscles  they  suppose  that  while  ihe 
cnerigyt  both  of  the  ordinary  molecules  constituting  the  chief  substance 
of  the  muscle  and  of  the  inoleeules  constituting  the  parelectronomic 
region  and  givinyj  a  current  opposed  in  direction  to  the  other,  is 
dimmished,  the  diminution  of  the  latter  is  less  than  that  of  the  former, 
and  hence  a  negative  variation  can  make  its  appearance  in  a  muscle 
shewing  no  currents  of  rest.  In  a  muscle  with  an  artificial  cross- 
Scciina  or  with  the  parelectrono  nic  region  otherwise  removed,  the 
negative  variation  of  the  natural  electric  molecules  occurs  without  any  • 
opposition  of  the  molecules  of  the  parelectronomic  region,  and  is  con- 
sequently greater  than  in  the  uninjured  muscle.  They  further  interpret 
the  double  current  (ab-terminal  and  ad-terminal)  seen  in  the  gastroc- 
nemius muscle  with  a  single  induction'Shock,  as  due  to  a  difference  of 
lime  in  the  development  of  the  negative  variation  in  the  parelectro- 
nomic regions  of  the  upper  and  of  the  lower  ends  of  the  muscle. 

Du  l?ois-Reymond  found  that  in  tet<inizing  a  muscle,  the  current  of 

only   acquired    its   normal    strength  after  some  interval ;    the 

iiivc  variation  did  not  at  once  disappear,  there  was  an  'aftcr- 

tion/'  In  uninjured  muscle  this  'afteraction'  he  found  to  be  con- 
arable,  amounting  to  as  much  as  one-half  or  two-thirds  of  the 
loiiil  laxative  variation ;  in  muscles  with  ariiticial  transverse  sections 
ic  was  much  less,  viz.  about  one-tenth.  He  explains  the  difference  by 
mpposing  thnt  the  removal  of  the  end  of  the  muscle  does  away  with 
one  factor  of  the  afteraction  ;  for  he  considers  that  there  are  two 
kinds  of  after  acti cm  :  one,  the  inner  after-a  *tion,  affecting  the  whole 
of  the  muscle  substance,  the  other  or  terminal  after-action  concerning 
the  ends  of  the  muscle  fibres  only.  The  former  he  believes  to  be  due 
to  the  formation  ot  lactic  acid  during  contraction,  the  electro-motive 
force  of  the  m  'kculcs  throughout  the  mus:le  substance  being  thereby 
diminished  T  he  laiicr  on  the  other  hand  he  considers  to  be  generated 
by  the  several  contr.iction-w.ives  as  they  reich  the  ends  of  the  fibres 
changing  some  of  the  peripolar  molecules  into  a  bipolar  condition, 
thereby  temporarily  inci easing  the  parelectronomic  current.  In  a 
nu»c)e  with  an  artificial  transverse  section,  in  which  no  parelcctionomic 
current  is  present,  the  tendency  of  the  contraction-waves  to  establish 
ti*ch  A.  current  by  the  formation  of  bipolar  molecules  at  the  cndi  of  the 
fibres,  is  orevcnied  by  the  progressive  death  of  the  elements,  Du  Bois* 
Reymcmu  further  thinks  that  the  norm.^1  presence  of  a  parelectronomic 
region  iit  an  uninjured  muscle  within  the  body  is  in  reality  a  permanent 
tcrmin.il  after-action,  i.e.  contraction-waves  arriving  at  the  ends  of  the 
intiicul  T    '  re  continu-iJly  tending  to  convert  the  peripolar  into 

bipciUi  I  Hermann  attributes  the  after-action  to  tJic  muscle 

piffsma  able  under  the  circumstances  to  return  at  once  to 

mc<Xld.^  ;  nutrition,  ix,  to  its  normal  positive  state. 

ll  iw  -c  .u...afc  to  think  obvious  that  further  researches  are  needed 
Mbfe  either  the  one  view  or  the  other  can  be  regarded  as  est4bUsbed 
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Electrotonic  Currents.  During  the  passage  of  a  constant  current 
tbiXMigh  a  nerve,  \'ariarions  in  the  electnc  currents  of  the  nerve 
analogous  in  some  respects  to  the  variations  of  the  irritability  of  the 
nerve  may  be  witnessed.  Thus  if  a  constant  current  supplied  by  the 
battery  P  (Fig.  2i)  be  applied  to  a  piece  of  nen'e  by  means  of  two 
non-polarizable  electrodes  p,  p\  the  currents  obtainable  from  various 
points  of  the  nerve  will  be  different  during  the  passage  of  the 
polarizing  current  from  those  which  were  manifest  before  or  after  the 
current  was  applied  ;  and,  moreover,  the  changes  in  the  ner\'e-currents 
produced  by  the  polariiing  current  will  not  be  the  same  in  the  neigh* 
bourhood  of  the  anode  {p)  as  those  in  the  neighbourhood  of  the  kath- 
ode (/>')•  Thus  let  G  and  H  be  two  galvanometers  so  connected  with 
the  two  ends  of  the  nerve  as  to  obtain  good  and  clear  evidence  of  the 
natural  nerve-currents*  Before  the  polarizing  current  is  thrown  into 
the  nerve,  the  needle  of  H  will  occupy  a  position  indicating  the  passage 
of  a  current  of  a  certain  intensity  from  k  to  k*  through  the  galvan- 
ometer (from  the  positive  longitudinal  surface  to  the  negative  cut  end 
of  the  nerve),  the  circuit  being  completed  by  a  current  in  the  nerve 
from  k*  to  A,  i,e.  the  current  will  flow  in  the  direction  of  the  arrow. 
Similarly  the  needle  of  G  will  by  its  deflection  indicate  the  ejcistcnce 
of  a  current  flo\*'ing  from  g\o  ^  through  the  galvanometer,  and  from 
^  \G  g  through  the  nerve,  in  the  direction  of  the  arrow. 

At  the  insrant  that  the  polarizing  current  is  thrown  into  the  ncr\'C  at 
pp^f  the  currents  at  g^^  kh'  will  suffer  a  negative  variation  corresponding 
to  the  nervous  impulse,  which,  at  the  making  of  the  polarizing  current, 
passes  in  both  directions  along  the  nerve,  and  may  cause  a  contraction 
in  the  attached  muscle.  The  negative  variation  is,  as  we  have  seen 
(p.  78),  of  extremely  short  duration,  it  is  over  and  gone  in  a  small 
fraction  of  a  second.  It  therefore  must  not  be  confounded  with  a 
permanent  effect  which,  in  the  case  we  are  dealing  with,  is  observed 
in  both  galvanometers.  This  eflfect,  which  is  dependent  on  the 
direction  of  the  polarizing  current,  is  as  follows  :  Supposing  that  the 
poJarijing  current  is  flowing  in  the  direction  of  the  arrow  in  the  figure, 
that  is,  parses  in  the  nerve  from  the  positive  electrode  or  anode  p  to 
the  negative  electrode  or  kathode  /,  it  is  found  that  the  current  through 
the  galvanometer  G  is  increased,  while  that  through  //  is  diminished. 
We  may  explain  this  result  by  sa}ing  that  the  polarizing  current  has 
developed  in  the  nerve  outside  the  electrodes  a  new  current,  the 
•electrotonic*  current,  having  the  same  direction  as  itself,  which  addb 
to,  or  Lakes  away  from,  the  natural  nerve-current,  according  as  it  is 
noving  in  the  same  or  in  an  opposite  direction. 

The  strcnj^ih  of  the  electrotonic  current  is  dependent  on  the  strenj 
of  the  polarizing  current,  and  on  the  length  of  the  intrapolar 
which  IS  exposed  to  the  polarizing  curtxmt.  When  a  strong  polanzini 
current  is  used,  the  electromotive  force  of  the  electrotonic  current  may 
be  much  greater  than  ihat  of  the  natural  nerve-current.  The  exist- 
cnce  or  an  electrotonic  current  in  the  intrapolar  regions  between  the 
poUrmng  electrodes  has  been  much  disputed,  some  observers  main- 
taming  that  It  IS  m  reality  absent  from  this  region,  and  confined  entirely 
to  the  cxtrapolar  districts,  while  others  regard  it  as  existing  in  the 
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mtmpoUr  regioa  as  well.  All  agree  that  it  spreads,  with  a  diminutioa 
in  intensity^  for  some  distance  along  the  extrapolar  districts  in  both 
directions. 

When  the  polaiixing  current  is  broken  there  is  a  rebound  in  Ute 
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I  ttdviailf  hMUty,  irith  k  a  key,  /  the  nnodc«  4nd  /  the  lu^tbodc.  At  the  teft 
'  ae  piece  '»f  ntrrve  tSc  un-irjl  currriit  fliWi  ihr>^u^  the  Kalvaimmcter  G  fr.  it.  f  t 
ihrmn-  i  rcction  ihercfure  i*  the  kmbb  «w  thjil  of  t 

f  cased,  ait  indicated   by  the  ciga  -f-. 
other  f:-  ,  t'ram  A  lu  >!'.  ihrmigK  the  ^vaoomet'  i  ri 

,  dircciijik  tj  the  pJoriiing  curreat ;  it  CDdanqiMatl^r  nppcan  Bo  bedimiDivhoj, 
I  WMlicilBd  by  the  sign  -. 

ike,  the  pelAridits  ctareBt  is  hcrt  iu|ipoa«d  to  be  cliroiMi  b  at  iht 
,  and  the  i^iilvan  >mtt9T  pboed  at  the  two  end**    (>f  CPtiTve  tt  will 
il  Kt  ffkiy  be  thfiwo  in  Anjrwhere*  and  the  latter  eonnectad  with  aujr 

I  of  f><-4iu-i  wnicxi  wiU  give  currents. 

opfkosite    direction,   the   natural    current    previously    diminiihed  or 
increjiacd  being  for  a  brief  period  increased  or  diminished- 

The  sircn'Tth  of  the  electrotonic  current  varies  with  the  irritability, 
Cr  vital  condition  of  the  nerve,  being  greater  with  the  more  irrii.iblc 
and  a  dead  nerve  will  not  manifest  clectrotonic  currents, 
F.  P.  8 
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Moreover,  the  propagation  of  the  current  is  stopped  by  a  ligature, 
by  crushing  the  nerve. 

Lastly,  the  elcctrotonic  current,  like  the  natural  current,  suffers 
negative  variation  during  the  passage  of  a  nervous  impulse\ 

The  application  of  the  constant  current  then  throws  a  nerve,  during 
its  passage,  into  a  peculiar  condition  characterized  by  the  appearance 
of  a  new  (elcctrotonic)  current.  This  we  may  speak  of  as  Tiphysual 
clectroionus  analogous  to  that  //i/x/V>/tfi^/Va/electrotonus  which  is  made 
known  by  variations  in  inilability.  And  the  one  set  of  phenomena 
arc  in  some  respects  so  similar  to  the  other  that  it  seems  difficult  not 
to  suppose  that  they  are  fundamentally  connected.  Indeed  du  Bois- 
Rcyniond,  struck  by  the  differences  observable  between  the  effects  at 
the  kathode  and  those  at  the  anode,  irrespective  of  the  natural  currents, 
has  been  led  to  cumplcte  the  analogy  of  the  physical  with  the  physio- 
logical electrotonus  by  speaking  of  a  katclecirotonic  current  and  an 
anclcclrotonic  current.  The  katelectrotonic  current,  accordmg  to  him, 
like  the  kat^'lcctrotonic  increase  of  irritability,  rises  vcr}'  rapidly  (almost 
immediately)  to  a  maximum  and  then  speedily  declines.  The  anelec- 
trotonic  current,  like  the  anelectrotonic  decrease  of  irritability,  rises 
slowly  to  a  maximum  and  slowly  declines.  And  generally  the 
kaielcctrolonic  current  is  less  than  the  anelectrotonic.  There  arc 
difficulties  in  the  way  of  estimating  the  force  exactly,  but  du  Bois- 
Keytoond'  gives  as  an  instance  an  electromotive  force  of  '5  Dantell 
for  the  anelectrotonic  and  "05  Daniell  for  the  katelectrotonic  current. 

Great  difficulty  has  been  experienced  in  obtaining  evidence  of  the 
existence  in  muscles  of  elcctrotonic  currents  similar  to  those  obser%'ed 
in  ncrvW.  Hermann  ^  has  however  succeeded  in  satisfying  himself  of 
I  heir  presence. 

The  two  schools  of  whose  views  we  have  so  often  spoken  naturally 
offer  totally  different  interpretations  of  the  nature  and  mode  of  origin 
of  tlic  electrotonir  current, 

Du  Bois-Reymond  and  those  with  him  explain  the  phenomena  by 
supposing  that  under  the  action  of  the  constant  current,  one  half  of 
each  elcctioniotive  molecule  is  (partially  or  completely)  reversed  so 
that  every  half  molecule  has  its  positive  portion  directed  to  one  end  and 
its  negative  portion  directed  to  the  other  end  of  the  nerve.  By  the 
action  of  the  constant  current,  in  fact,  each  molecule  from  being  pcri- 
pK>kir  (Fig.  16)  has  become  bipolar  (Fig.  17),  and  the  currents 
discharged  by  the  molecule  into  its  surrounding  mediujn  have  all  the 
same  direction.  The  half  molecules  thus  (more  or  less)  reversed  by 
the  polarizing  current  are  those  the  currents  issuing  from  which  were 
prevjous,ly  opposed  in  direction  to  itself  ;  hence  after  the  *:onvcr5ion 
Irom  the  peripokr  to  the  bipolar  condition^,  the  currents  discharged  by 
the  sevcnil  molecules  h:ive  the  same  direction  a^  the  polarizing  currcnL 
In  other  words,  an  clecirotnnic  current  is  developed.  Jf  further  we 
suppose  that  each  (double)  molecule  is  capable  of  acting  on  its  fellows 
in  such  a  way  that  when,  as  in  the  normal  condition,  it  is  peripolar  it 

»  licm-tcin,  Atrhiv  Anat,  Phys,^  1866,  p.  596. 

»  GfsawL  AbhathiL,  11.  260. 

»  Die  hrg(bttisi€  Ntuerer  l/fUert,  a,  d,  Gehiitd.  thierisck^  Ettct^^  187S. 
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:Ips  to  mfiiniam  the  peripolar  condition  of  its  neii^hbours,  but  when 
becomes  bipolnr  tenii  to  render  them  bipoLir  too,  the  influence 
liininishing  at  a  distance^  an  explanation  is  furnished  of  the  spreading 
"the  dectrotonic  current  along  boih  cxtrapolar  regions, 

Hermann  and  his  followers,  rejc  ting  the  theory  of  electromotive 
»olccule55,  regard  the  electrotonic  current  as  due  to  the  escape  of  the 
'T>  '■''"',  current  along  the  nerve  under  certain  peculiar  conditions. 
,  '  long  ago  shewed  that  phenomena  very  similar  to  those  of 
. -^aus  might  be  produced  by  surrounding  a  inctil  core  with  a 
sheath  and  applying  a  con.-.tint  current  to  the  sheath.     Several 
have  since  insisted  on  similar  experiments  as  demonstrating 
ttat  the  phenomena  of  electrotonus  are  not  of  a  physiological  nature, 
btit  they  were  always  met  with  the  valid  argument  that  the  elcctro- 
i  rem  varied  with  the  irritability  of  the  nerve  and  was  stopped 

1  ire  or  by  anything  which  destroyed  the  vital  continuity  of  the 

iMTvc.    1  he  currents,  simulating  electrotonic  currents,  which  Matteucci 
ibservc  I  appear  to  have  betn  due  to  the  current  escaping  in  a  longi- 
idinal  direction,  in  consequence  of  the  resistance  offered  by  a  polari- 
[sation  taking  place  between  the  core  and  it>  sheath.     When  no  such 
pMlariirat'On  occurs,  when  for  instance  the  core  is  amalgamated  rinc 
land  the  sheath  a  layer  of  saturated  zinc  sulphate  solution,  the  escape 
current  in  a  longitudinal  direction  is  slight.     Under  the  influence 
iriration  set  up  between  the  core  and  the  sheath  the  escape  of 
irrent  in  longitudinal  loops  along  the  sheath  becomes  more  and 
lore  marked,  and  the  galvanometer  indicates  in  the  cxtrapolar  regions 
Ltending  to  some  distance  the  existence  of  currents,  having  the  same 
Itrvction  as  the  consunt  current  which  is  being  applied.  The  develop- 
ment of  these  currents  is  further  dependent  on  an  absolute  continuity 
(mere  contact  of  parts  is  insufficient)  of  the  core  and  the  shcnth  rcspec- 
•ly.     And  Hermann  contends  that  though  we  may  not  be  Justified 
a>suming  between  the  sarcolemma  of  a  muscle  and  the  muscle  sub- 
Lance,  or  iietwecn  the  primitive  sheath  of  a  nerve  fibre  and  its  con- 
such  a  ditTerence  of  conductivity  as  exists  between  the  core  and 
in  Maticiicci's  ex|>eriment,  yet  the  fact  of  the  electrictl  rcsist- 
of  living  muscle  and  nerve  being  so  much  greater  in  a  transverse 
liin  in  a  longitudinal  dirction,  is  due  to  an  inner  polarization  taking 
ilacc  betw  ecn  the  mus  le  or  nerve  substance  of  a  muscle  or  nerve  hbrc 
»d  its  respective  sheath,  and  hence  the  comparison  of  these  iiructurcs 
ilh  Maitcucci*s  experiment  is  valid.     Moreover  this  inner  polarisation 
(in  the  muscle  wholly,  and  in  the  ner\*c  in  large  part)  dependent  on 
\e   vital  condition  of  the  tissue.     Consequently  Matteucci's  cxpcri- 
rnt  is  really  an  illustration  of  what  t.ikes  place  in  a  living  nerve  (or 
iscic)  :  the  elec?irotonic  current  is  simply  an  escape  of  the  polariiing 
mt.     i  1     -nt  or  iasij^'nifii?ant  in  a  dead  nerve,  because  the 

pc>!  -^hii'^h  determines  the  longitudinal  escape  of  ibe 

•  n  of  the  living  state  ;  and  it  is  sto;jped  by  Ijgnture 

_  the  nervous  substance  of  the  fibres  is  thereby  con- 
..   ..    ul  and   mdilfcrcut  substance,   •*"-!   fii'-  functional 
uity  of  the  nervous  core  thereby  broken* 

•  Cfim/i.  Rend.,  LVl.  (1863)  p.  760,  And  subsctjiicni  i>.ii»crs„ 
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He  further  offers  an  explanation  why  tbe  escape  of  the  current  under 
these  circuinstJinces  leatli  to  the  physiological  phenomena  of  katelcc- 
trolonus  and  anelcclrotonus^  but  on  this  point  vvc  must  refer  the  readers 
to  the  original  Memoirs. 

TAe  Energy  of  MuscU  and  Nerve^  and  the  nature  of  the  Ckeinual 

Changes. 

The  actual  amount  of  energy  developed  by  a  most  powerful  nenrous 
impulse  is  exceedingly  shght,  and  hence  chemical  changes,  insignifi- 
cant in  amount,  may  be  the  cause  of  all  the  phenomena,  and  yet  re- 
main too  slight  to  be  readily  recognised.  The  muscular  contractioQ 
itself  is,  as  we  have  seen  (p.  60),  essentially  a  translocation  of  mole- 
cules. Whatever  be  the  exact  way  in  which  this  translocation  is 
effected,  it  is  fundamentally  the  result  of  a  chemical  change,  of  what 
we  have  already  seen  to  be  an  explosive  decomposition  of  certain  parts 
of  the  muscle- substance.  The  energy  which  is  expended  in  the 
mechanical  work  done  by  the  muscle  his  it^ source  in  the  latent  energy 
of  the  muscle-substance  set  free  by  that  explosion.  Concerning  the 
nature  of  that  explosion  we  only  know  at  present  that  it  results  in  the 
production  of  carbonic  and  lactic  acids,  and  that  heat'  is  set  free  as 
well  as  the  specific  muscular  energy.  There  is  a  general  parallelism 
between  the  amount  of  decomposition  (the  quantity  of  carbonic  (and 
lactic)  adds  produced)  and  the  amount  of  energy  set  free.  The  greater 
the  development  of  carbonic  acid^  the  larger  is  the  contraction  and  the 
higher  the  temperature. 

It  has  not  been  possible  hitherto  to  draw  up  a  complete  equation 
between  the  latent  energy  of  the  material  and  the  two  forms  of  actual 
energy  set  free.  By  an  approximate  calculation  Helmholtz  has  arrived 
at  the  conclusion  that  in  the  human  body  one-fifth  of  tlie  energy  of  the 
material  g{)e>  out  as  mechanical  work,  thus  contrasting  favourably  with 
the  steam-engine,  in  which  it  hardly  ever  amoimts  to  more  than  one- 
tenth.     Fick'  has  come  to  the  conclusion  that  the  proportion  of  cncrg>' 

*  The  views  of  du  Bois-Reymond  will  he  found  at  length  in  hts  eArlier  publi* 
cations,  Vntasuch^ajkUruche  Hl^xtrtdtat^  184S60,  and  in  the  later  Articles 
republislicd  iti  GesamnulU  Abhamilungtn  «.  aligemcinai  Muskel-  und  AV^tim- 
Physikf  1875-77.  Ihc  views  of  Hermann  will  be  found  in  his  Untctsuch.  tut 
FkysioL  d.  Miukeln  u,  Ntrven^  i867-68t  and  in  many  sul>sequeni  pfl[.»er:i  in 
Pfluger's  Archiv:  vix.  Vol,  III.  (1870)  p.  15,  iv.  (1871)  p.  149,  EtntromoU^- 
ischf  Ersthnnungm  ;  v,  (1872)  p.  223,  VI  (1872)  p.  312,  yVirkunxgalvftrthfker 
S/rpmre;  VI.  (1872)  p.  560,  Ga/vanitcAe  I'erhaiUn  xinihrcHdder  Erregung ;  vil, 
(1873)  p.  323,  Gatia  Jer  ErreptngsleituMg i  viii.  (1874)  p.  258,  Electrotftrnts  ^ 
X.  (1875)  p,  215,  P&Uiriiation  und  Erreguug ;  xii.  {1876)  p.  151,  Qiurstand 
wdhnnd  Errrgnng;  XV,  (1877)  p.  233,  fafiJih^om:  xvi.  (1878)  p.  191, 
p.  4ro»  Aciionsitn^M  d^r  A/usZy/m  ;  xix.  (1S7S)  p.  574,  ^ietutmittinne  da 
Nerv€n.  A  rSmm^  of  Hermann's  views  is  given  by  himself  in  a  small  pam- 
phlet eiiUtled  DU  Ergebmae  neu(rtr  Unttrs.  a,  d.  Gefdttd.  Uiieriich,  ELrirUUdi, 
1878,  ami  by  Dr.  Dunion-Sandcrson  in  Journ.  Physwl,  I.  (187S)  p.  196. 

»  The  licftt  given  out  by  n»usclcs  will  be  further  discitt-^ed  in  Book  IL  ia 
connection  with  the  general  subject  of  Animal  Jleat. 

3  Pfluger's  Archil',  XVI    (1877)  pt  58. 
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given  out  as  heat  to  that  taking  on  the  form  of  vrork,  varies  according 
to  the  resistance  which  the  muscle  has  to  overcome  ;  the  greater  the 
resistance  the  larger  is  the  portion  of  the  total  energy  set  free  which 
goes  to  the  work.  The  musde  in  fact,  when  working  against  resistance 
docs  its  work  with  increased  economy.  Under  the  most  favourable 
conditions,  €  g.  when  contracting  against  great  rc?.istance,  the  energy 
of  the  work  may  (in  the  case  of  frog's  muscJe;*  deprived  of  blood- 
supply)  amount  to  one-fourth  that  of  the  heat  given  out ;  but  Kick 
believes  that  in  ordinary  circunistances  the  proportion  is  very  much 
less,  as  low  even  as  a  twenty-fifth*  The  muscle  in  fact  is  by  no  means 
more  economical  than  a  steara-cngine  in  respect  to  the  conversion  of 
the  energy  of  chemical  action  into  mechanical  work. 

Nor  can  wc  at  present  say  that  it  has  been  experimentally  verified  in 
any  given  contraction  that  the  mechanical  work  is  done  at  the  expense 
of  the  heat  which  would  be  otherwise  given  out.  Thus  if  of  two 
muscles  A  and  B^  A  be  not  loaded  and  ^  loaded  before  a  contraction 
and  unloaded  at  the  height  of  contraction,  it  is  obvious  that  A  does  no 
external  work*  for  the  muscle  returns  to  its  previous  condition,  while  B 
does  work,  the  more  so  the  heavier  the  loaa  and  the  more  frequently  it 
is  raised.  If  now  both  A  and  B  are  excited  by  the  same  stimulus  to 
equal  contractions,  the  temperature  of  A  ought  to  rise  more  than  B^ 
liccause  of  the  same  energy  set  free  in  each,  some  goes  out  as  work  in 
B^  but  in  A  none  goes  out  as  work,  and  all  escapes  as  heat.  Expcri* 
mcnt  shews,  on  the  contrary,  that  B  is  the  warmer  of  the  two,  the 
reason  being  that  the  tension  caused  by  the  load  increases  all  the 
chemical  changes  in  the  muscle  (as  shewn  by  the  increased  production 
of  carbonic  acid),  and  thus  increases  the  total  energ>'  set  free.  If  A 
and  B  be  equally  loaded,  and  while  A  does  no  work,  the  load  remain- 
ing on  all  the  time,  the  load  of  B  is  removed  at  the  height  of  contrac- 
tion, it  is  then  found  that  ^\  becomes  the  warmer  of  the  two.  This 
experiment  is  not  without  abjt'ction  ;  for  A  is  (immediately  after  the 
contraction)  stretched  by  its  load,  and  so  its  chemical  changes  still  in- 
Cf€4sed|  whereas  B  is  not:  and  Hcidenhain  has  shewn  that  this  is 

if*icnt  lu  account  for  A  being  the  warmer. 

Of  the  exact  nature  of  the  chemical  changes  we  know  nothing.  As 
has  been  already  stated  (p.  75),  there  is  no  evidence  of  nitrogenous 
products  bcmg  given  off  as  w^astc ;  such  nitrogenous  crystalline  bodies 
as  arc  present  in  muscle,  kreatin,  &c.,  may  be  rcg^irdcd  as  the  we^rand 
tear  of  the  machine,  and  not  as  products  of  the  material  cons^umed  in 
the  work.  Yet  it  is  hardly  consonant  with  what  we  know  elsewhere,  to 
suppo-e  that  the  contraction  of  a  muscular  fibre  has  for  its  essence  the 
dt  >n  of  a  non-nitrogenous  substance  ;  and  we  may  suppose 

th  I'jsion  does  involve  some  nitrogenous  products,  which  how- 

ever .lie  M'l. lined  within  the  tissue,  and  used  up  agrun,  Hcrm.ann,  in- 
sisting on  the  analogy  between  muscuLir  contraction  and  rigor  mortis, 
hT^  "  ■'  ''*d  the  existence  of  a  hypothetical  i//<?/ir«  which  during  a 
CO:  plits  up  into  carbonic  acid,  lactic  acid,  and  a  nitrogenous 

b-^  MtJu-r  supposes  the  nitrogenous  body  to  be  mvosia.  which 

ho  the  form  of  a  gelatinous  clot,  is  rt  uid 

ft!  .  un.     But  the  fact  thai  myosin  hasp r  ritc- 

hkc  those  of  tibrin^  and  is  not  formed  directly  as  a  product  of 
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the  decomposition  of  a  more  complex  body,  and  especially  the  fact 
that  while  in  rigor  morlis  extensibility  is  diminth-hed,  in  a  contraction 
it  is  increased,  seem  insuperable  objections  to  this  view.  It  may  be 
worth  while  to  point  out  that  during  even  the  most  complete  repose 
muscle  is  undergoing  chemical  changes,  which,  as  far  as  we  know»  are 
the  same  in  kind,  and  only  differ  in  degree  from  those  characterisiic  of 
a  contraction.  Thus  carbonic  acid  is  constantly  being  produced,  and 
probably  lactic  acid,  both  being  got  rid  of  as  they  form,  just  as  they  arc 
got  rid  of  in  larger  quantities  during  the  repose  which  follows  contrac- 
tion. .Supposing  the  existence  of  a  substance  which  splits  up  into  these 
various  products,  and  which  we  may  speak  of  as  the  true  contractile 
material,  it  is  evident  that  this  material  being  thus  constantly  used  up, 
must  be  as  constantly  repaired.  Thus  a  stream  of  chemical  substances 
may  be  conceived  of  as  flowing  through  muscle,  the  raw  material 
brought  by  the  blood'  being  gradually  converted  into  true  contractile 
stuff,  the  breaking-down  again  of  which  is  gentle  and  gradual  so  long 
as  the  muscle  is  at  rest ;  when  a  contraction  takes  place,  the  decompo* 
sition  is  excessive  and  violent.  When  rigor  mortis  sets  in,  the  whole 
remaining  contractile  material  is  decomposed.  It  has  been  already 
stated  that  according  to  Hermann  the  total  quantity  of  carbonic  and 
probably  of  lactic  acid  produced  after  removal  from  the  bodv  is  the 
same  whether  contraction  takes  place  or  no,  the  material  for  the  con- 
traction being  apparently  taken  away  from  that  destined  for  rigor 
mortis.  This  means  that  the  manufacture  of  true  contractile  material 
h  suddenly  arrested  immediately  on  the  cessation  of  the  blood-current, 
no  more  being  afterwards  formed.  Such  a  state  of  things  is  quite  con- 
trary to  our  general  physiological  experience,  and  there  are  other  facts 
which  render  it  doubtful.  Lastly,  it  may  be  mentioned  that  no  satis- 
factory explanation  can  be  given  of  the  connection  between  the  micro- 
scopic structure  of  a  striated  muscular  fibre  and  its  contraction. 
Slriatiou  is  characteristic  of  muscles  whose  contraction  is  rapid,  bul 
the  exact  purpose  of  the  strise  remains  as  yet  unknown. 

It  was  Hallcr*  who  laid  the  foundations  of  our  knowledge  of  the 
Physiology  of  Muscle  and  Nerve  by  establishing  the  doctrine  of 
muscular  and  nervous  irritability.  The  most  important  results  since 
that  time  have  been  those  gained  by  the  inveitigations  of  Weber^  on 
the  physical  changes  which  attend  a  musrular  contraction,  of  du  Bois- 
Reymond^  on  the  electrical  phenomena  of  muscle  and  nerve,  of  Hclm- 
holtt^  on  the  velocity  of  nervous  impulses,  and  on  the  relative  duration 
of  the  several  phases  of  a  contraction,  of  Pfliiger*  on  elcctrotonus,  of 
Kiilme'  on  the  chemistry  of  muscle,  and  of  Hermann"  on  the  respira- 
tion of  muscle  and  on  the  electrical  phenomena  of  muscle  and  nerve. 


*  Together  with  certain  nitrogenous  elements  still  reroAioiiig  in  the  muscle, 
iooordiiig  to  the  view  explained  above. 

■  Dt  Fart.  Corp.  Hum,  sfntu'ntihus  it  irriUihilibus^  1 753. 

*  Muikelhewrgun^,  Wagner's  ffan  iwortrrimck,  *  Op*  Ht» 
'  Miiller's  Arckiv^  1850.     Berichte  Hrrlin  Acad.,  1854,  1S64, 

*  L7$ttersu£h^  u.  d,  Phytiolo^u  des  Eitctfotonm^  1859. 
'  Pr<^toptaima^  1S64.  ^  Op  eU 


The  researches  of  other  and  more  recent  auiliors  ate  quoted  in  the 
previous  text. 

Sec  7.     Unstriated  Muscular  Tissue. 

Our  knowledge  of  the  phenomena  of  these  structures  is  very 
tmjerfect.  since  (in  vertebrates)  they  do  not  exist  in  isolated 
ma^tsef),  Uke  the  striated  muscles,  but  occur  as  constituents  of 
complex  organs,  such  as  the  intestine,  ureter,  uterus,  &c.  They 
uncJergo  rigor  mortis :  and  what  little  infomjation  we  do  possess 
concerning  their  chemical  and  physical  features  leads  us  to  believe 
thai,  the  j>rocesses  which  take  place  in  them  are  fundamentally 
idc'iliciil  with  those  occurring  in  striated  muscle,  the  two  dilTering 
in  degree  rather  than  in  kind  When  stimulated,  they  contract. 
If  SL  stimulus,  mechanical  or  electrical,  be  ap|jlied  to  the  intestine 
or  ureter  of  a  mammal,  a  circular  contraction  is  seen  to  take  place 
At  tlie  spot  stimulated.  The  contraction,  which  is  preceded  by  a 
very  long  latent  period,  lasts  a  very  considerable  time,  in  fact 
several  seconds,  after  which  relaxation  slowly  takes  place.  That 
is  to  say,  over  the  circularly  dispersed  fibres  of  the  intestine  (or 
ureter)  at  the  spot  in  question  there  has  passed  a  contruciion-wavc 
remarkable  for  its  long  latent  period  and  for  the  slowness  of  its 
dcvcSopment.  From  the  spot  so  directly  stimulated,  the  con- 
traction may  pwiss  as  a  wave  (with  a  length  of  i  cm.  and  a 
velocity  of  from  20  to  30  millimetres  a  second  in  the  ureter »)^ 
along  the  circular  coat  both  upwards  and  downwards.  The  longi- 
tudinal fibres  at  the  spot  stimulated  arc  also  thrown  into  con- 
tractions  of  altogether  similar  character,  and  a  wave  of  contraction 
may  also  travel  longitudinally  along  the  longitudinal  coat  both 
upwards  and  downwards.  It  is  evident  however  that  the  wave  of 
caMidaction  of  which  we  are  now  speaking  is  in  one  Tesi>ect 
diflfeitnt  fi^om  the  wave  of  contraction  treated  of  in  dealing  with 
striated  muscle.  In  the  latter  case  the  contraction  wave  was  one 
proprigated  along  the  indi\ndual  fibre  ;  in  the  case  of  the  intestine 
Of  ujttcr,  the  wave  is  one  which  is  propagated  from  fibre  to  fibre» 
botli  in  the  direction  of  the  fibres,  as  when  the  whole  circumference 
of  th?  intestine  \s  engaged  in  the  contraction,  or  when  the  wave 
travc^i  longitudinally  along  the  longitudinal  coat,  and  also  in  a 
direc*ion  at  right  angles  to  the  axes  of  the  fibres,  as  when  the 
OMi  traction -wave  travels  lengthways  along  the  circular  coat  of  the 
hiKcstinc,  or  when  it  passes  across  a  breadth  of  the  longitudinal 
co*t.  In  addition  to  this  difference,  however,  it  is  obvious  that 
f   contraction-wave  passing  along  even  a  single  unstriated  fibre 

•  Engclmjmn,  PfliigcrV  Arckiv,  11,  (1869),  243. 
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also  differs  from  that  passing  along  a  striated  fibre,  in  the  very 
great  length  both  of  its  latent  period  and  of  the  duration  of  its 
contraction. 

If  the  stimulus  be  severe  when  mechaaical,  or  if  the  interrupted 
current  be  used  as  a  stimulus,  the  duration  of  contraction  may  be  still 
further  prolonged  ;  but  there  is  no  evidence  that  a  series  of  con* 
tractions  are  fused  into  a  tetanus,  as  is  the  case  in  the  striated 
muscles. 

Like  the  skeletal  muscles,  whose  nervous  elements  have  been 
rendered  functionally  incapable  (p.  87)»  unstriated  muscles  are  much 
more  sensitive  to  the  making  and  breaking  of  a  constant  current  than 
to  induction>shocks. 

The  unstriated  muscles  seem  to  be  remarkably  susceptible  to  the 
influences  of  temperature.  Thus  according  to  Horvath'  the  unstriated 
muscles  of  the  trachea  will  not  contract  at  a  temperature  below  12*  C, 
and  are  most  active  at  a  temperature  above  21°  C.  So  also  the 
movements  of  the  intestine  cease  at  a  temperature  below  19*  C 

Waves  of  contraction  thus  passing  along  the  circular  and  longi- 
tudinal coats  of  the  intestine  give  rise  to  what  is  called  peristaltic 
action. 

In  striking  contradistinction  to  what  takes  place  in  the  striated 
muscles,  automatic  movements  are  exceedingly  common  in  struc- 
tures built  up  of  non  striated  muscles  ;  these  moreover  exhibit  a 
great  tendency  to  rhythmic  action.  Thus  the  perisLahic  action  of 
the  intestine  and  ureters,  and  the  corresporjding  movements  of 
the  uterus,  are  at  once  rhythmic,  and  largely  automatic.  How 
far  tlie  automatism  and  the  rhythm  are  due  to  nervous  elements  is 
uncertain. 

According  to  Engelmann '  the  middle  and  part  of  the  upper  third 
of  the  ureter  in  the  rabbit  ^  contains  no  discoverable  nervous  ganglia, 
yet  this  portion  exhibits  automatic  rTiythmic  contractions.  We  may 
suppose  that,  in  the  absence  of  an  adequate  nervous  arrangement,  the 
propagation  of  the  contraction  wave  is,  in  this  part  of  the  ureter, 
carried  on  by  the  simple  contact  of  the  adjacent  surface  of  the  fibrcf 
(v\hich,asis  known,  possess  no  sarcolemma).  The  fibres,  by  their 
complete  contact,  may  be  spoken  of  as  being  phyiiologicaily  continuoui 
with  each  other. 

Sec  8.    Cardiac  Muscles, 

The  most  important  features  of  this  form  of  contractile  tissu* 
will  be  studied,  when  wc  come  to  deal  with  the  hearL  It  will  be 
seen  that  they  are  intermediate  between  ordinary  skeletal  and 
non  striated  muscles, 

*  Pflliger's  Archiv,  XI ll.  (1876),  508.  *  Op.  ciL 

>  This  ilijcs  not  seem  hi  hMlrl  g.»cKi  for  other  animals.  Cf,  Do*id,  ArtK^f 
micros.  An.it    xrv    hSyK),  p.  (14. 
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Sec  9.     Cilia. 

Ciliary  movement  consists  in  the  rapid  flexion  (into  a  sickle  or 
hook-form)  of  the  cilinm  and  its  less  rapid  return  to  its  previous 
straight  fonu.  The  diminished  velocity  of  the  return  leads  to  the 
force  of  the  ciliary  action  being  exerted  in  the  same  direction  as 
the  flexion.  The  cause  of  the  flexion  seems  to  be  the  contraction 
of  the  cilmm,  and  that  of  the  return,  an  elastic  reaction. 

Various  attempts  to  explain  the  movement  by  the  presence  of 
special  mechanisms  at  ihc  base  of  ihe  cilia  have  hitherto  failed. 
Some  authors  have  attributed  the  movement  to  a  protoplasmic  con- 
tractioo  of  the  cell  itself,  the  cihum  acting  merely  as  a  mmutc  elastic 
rod  ;  and  some  such  view  as  this  is  supported  by  the  fact  that  no 
movement  has  ever  been  observed  in  an  isolated  cilium.  It  is  difficult 
however  to  understand  haw  the  peculiar  sickle-like  flexion  of  the 
cihum  can  be  brought  about  unless  the  contractile  material  is  continued 
up  iqtp  the  cilium  itself.* 

Ciliary  movement  appears  therefore  to  differ  from  ordinary 
muscular  contraction  cluetly  in  the  size  of  the  apparatus  con- 
oer^ed.  The  movement  is  exceedingly  rapid  :  thus  Engclmann' 
his  estimated  that  in  the  frog  the  flexions  are  repeated  at  least 
twelve  limes  in  a  second.  The  movement  in  fact  is  too  rapttl  to 
be  visible  ;  it  can  only  be  seen  at  a  time  when  exhaustion  and 
coming  death  have  begun  lo  retard  the  action ;  thus  Engelmann 
Ibund  that  he  was  first  able  to  count  them  when  their  rapidity 
declined  to  eight  in  a  second  The  tail  of  a  spermatozoon  is 
practically  a  single  cilium. 

Id  the  vertebrate  animal,  cilia  are  as  far  as  we  know  wholly 
independent  of  the  nervous  system,  and  their  movement  is 
probably  ceaseless.  In  such  animals  however  as  Infusoria,  Hy- 
drozoa,  &c.  a  ciliary  tract  may  often  be  seen  to  stop  and  go  on 
again ^  to  move  fast  or  slow,  according  to  the  needs  of  the  economy, 
and,  as  it  almost  seems,  according  to  the  will  of  the  animal 
Observations  with  galvanic  currents,  constant  and  interrupted,  have 
led  to  any  satisfactory  results,  and,  as  far  as  we  know  at 
nt,  ciliary  action  is  most  afl^ected  by  changes  of  temperature 
citcmical  media.  Moderate  heat  quickens  the  movements,  but 
a  rise  of  temperature  beyond  a  certain  limit  (about  40**  C.  in  the 
case  of  the  pharyngeal  membrane  of  the  frog  3)  becomes  injurious; 
cold  retards.  Very  dilute  alkalis  are  favourable,  acids  are  in- 
jmious.      An  excess  of  carbonic  acid  or  an  absence  of  cxygcn 

*  rr    Nnt  !-,..i;  ,.    f.  ^      f.  Ttucro.  Anat.,  XIV,  (1877)  p.  390. 

*  t   \^tr  /; ,    / : .  ■'/ '      r  ..  >t:^,  p.  22  ( »  SOS). 

*  l!^cli&ami»  U^i^^i^-'         ir.-.Lt   /"-r''^'  htf>  ^  r'«  Rr<-k»,  v,  dSySU"  44, 
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diminishes  or  arrests  the  movements,  either  temporarily  or  per- 
manently, according  to  the  length  of  the  exposure.  Chloroform 
or  ether  in  slight  doses  diminishes  or  suspends  the  action  tem- 
porarily, in  excess  kills  and  disorganises  the  cells. 


Sec.  10.     Migrating  Cells. 

We  have  already  (p.  42)  urged  the  view  that  an  amoeboid 
movement  of  a  white  corpuscle  is  essentially  a  form  of  contraction. 

All  the  circumstances  which  affect  muscular  contraction,  heat, 
absence  or  presence  of  oxygen  and  carbonic  acid,  &c.,  also  affect 
protoplasmic  movements.  The  white  corpuscles,  like  muscular 
fibres,  suffer  rigor  mortis,  in  which  state  they  become  spherical 

The  complete  analogy  between  musciilar  fibre  and  white  corpuscle 
IS  rendered  difficult  by  Uie  fact  that  complete  rest  of  the  corpuscle  aad 
universal  contraction  of  the  corpuscle  both  result  in  the  maintenance 
of  the  same  spherical  form.  The  movement  of  a  white  corpuscle  is 
dependent  on  a  contraction  of  sotne  part.  If  the  whole  corpusde 
sutfcrs  the  change  which  occurring  in  any  part  would  lead  to  a  move- 
ment in  that  part,  no  outward  visible  change  takes  place,  just  as  a  set 
of  carefully  balanced  muscles  would  remain  as  motionless  during 
contraction  as  during  rest* 


CHAPTER   III. 

THE   FUNDAMENTAL   PROPERTIES   OF 
NERVOUS   TISSUEa 

Its  simplest^  and  probably  earliest  form,  a  nerve  is  nothing 
more  than  a  thin  strand  of  irritable  protoplasm,  forming  the  means 
of  vital  communication  between  a  sensitive  ectotlermic  cell 
exposed  to  extrinsic  accidents,  and  a  muscular,  highly  contractile 
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cell  (or  a  muscukr  process  of  the  same  cell)  buried  at  some 
distance  from  the  surface  of  the  body,  and  thus  less  susceptible 
to  external  influences.  (Fig,  22,  A,  B.)  H  in  Hydra,  we  imiigtne 
the  junction  of  the  ectodermic  musculaj  process  with  the  body  of 
its  cell  to  be  drawn  out  into  a  thin  thread  (as  is  said  to  be  the 
case  in  some  other  Hydrozoa),  we  should  have  just  such  a 
primary  ner\c.  Since  there  would  be  no  need  for  such  a  means 
of  communication  to  be  contraciilc  and  capable  of  itself  changing 
in  form,  but  on  the  other  hand  an  advantage  in  its  remaining 
immobile,  and  in  its  dimensions  being  reduced  as  much  as 
possible  consistent  with  the  maintenance  of  irritability,  the 
primary  nerve  would  in  the  process  of  development  lose  the 
property  of  contractility  in  proportion  as  it  became  more  irritable, 
i>.  more  apt  in  the  propagation  of  the  waves  of  disturbance 
arising  in  the  ectodermic  cell. 

We  have  already  seen  that  automatism,  i.t.  the  power  of 
initiating  disturbances  or  vital  impulses,  independent  of  any 
immciliate  disturbing  event  or  stimulus  from  without,  is  one  of  the 
futidamental  properties  of  protoplasm.  In  simpler  but  less  exact 
language,  such  a  mass  of  protoplasm  as  an  amoeba,  though 
susceptible  in  the  highest  degree  to  influences  from  without,  *has 
a  will  of  its  own ; '  it  executes  movements  which  cannot  be 
explained  by  reference  to  any  changes  in  surrounding  circum- 
stances at  the  time  being.  A  hydra  has  also  a  will  of  its  own ; 
and  seeing  that  all  the  constituent  cells  (beyond  the  distinction 
into  ectodcnn  and  endoderm)  are  alike,  we  have  no  reason  for 
thinking  that  the  will  resides  in  one  cell  more  than  in  another,  but 
are  led  to  infer  that  the  protoplasm  of  each  of  the  cells  (of  the 
ectoderm  at  least)  is  automatic,  [he  will  of  the  individual  being 
the  co-ordinated  wills  of  the  component  cells.  In  both  Hydra 
and  Amoeba  the  processes  concerned  in  automatic  or  spontaneous 
impulses,  though  in  origin  independent  of»  are  subject  to  and 
largely  modified  by,  influences  proceeding  from  without  Indeed 
the  great  value  of  automatic  processes  in  a  living  body  depends 
on  the  automatism  being  affected  by  external  influences,  and  on 
the  simple  effects  Of  stimulation  being  profoundly  modified  by 
automatic  action. 

The  next  step  of  development  beyond  Hydra,  is*  evidently  to 
differentiate  the  single  (ectodermic)  cell  into  two  cells,  of  which 
one,  by  division  of  labour,  confines  itself  chiefly  to  the  simple 
development  of  impulses  as  the  result  of  stimulation,  leaving  to 
the  other  the  task  of  automatic  action,  and  the  more  complex 
transformation  of  the  impulses  generated  in  itself.  The  latter, 
which  we  may  call  the  eminently  automatic  cell  (though  much  of 
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ihc  work  which  it  has  to  do  is  of  the  kind  we  shall  presently 
speak  of  as  reflex  action),  will  naturally  be  withdrawn  from  die 
surface  of  the  body,  while  the  other,  which  we  may  call  the 
cminendy  sensitive  ccU^  will  still  retain  its  superficial  position,  so 
that  it  may  most  readily  be  affected  by  all  changes  in  the  world 
without,  Fig,  22  C.  And  just  as  a  primary  motor  nerve  arises  as 
a  retained  thread  of  communication  between  a  sensitive  cell  and 
its  muscular  process,  so  a  primary  sensory  nerve  may  be  conceived 
of  as  arising  as  a  thread  of  communication  between  an  eminently 
sensitive  cell  and  its  twin  the  eminently  automatic  or  central  cell. 
By  this  arrangement  the  sensitive  cell,  relieved  of  the  heavy 
burden  of  spontaneous  action,  is  enabled  to  devote  itself  with 
greater  vigour  to  the  reception  of  external  influences;  while  the 
automatic  cell,  no  longer  hampered  by  the  physical  necessities  of 
being  which  are  imposed  on  the  superficial  cell,  exposed  as  this  is 
to  every  wind  and  wave,  but  secure  in  its  internal  retreat,  is  able 
with  similar  increased  energy,  to  devote  itself  either  to  the 
j)ro<Juction  of  spontaneous  impulses,  or  to  profoundly  modifying 
the  mipulses  which  it  receives  from  the  sensitive  cell.  Naturally 
the  muscular  process  or  muscular  fibre  would  on  the  splitting  of 
the  original  single  cell  remain  in  connection  with  the  more 
eminently  automatic  We  thus  arrive  at  tliat  triple  fundamental 
arrangement  of  a  nervous  system,  in  its  simplest  form,  viz,  a 
sitive  cell  on  the  surface  of  the  body  connected  by  means  of  a 

nsory  nerve  with  the  internal  automatic  central  nervous  cell, 
which  in  turn  is  connected  by  means  of  a  motor  nerve  with  the 
iDUSCular  fibre -eel  I. 

We  have  already  seen  that  the  physiology  of  the  motor  nerve 

cannot  without   inconvenience   be   se])arated   from    that   of   the 

muscular  fibre.     In  the  same  way  the  physiology  of  the  sensory 

nerve    cannot   well    be   separated   from    those    modifications  of 

uperficial  sensitive  cells  which  constitute  the  organs  of  sense, 

e  may  add  that  the  special  physiology  of  l)>e  central  nervous 

cells  can  only  profitably  be  studied  in  connection  with  the  sensory 

organs.     In  the  present  chapter,  therefore,  we  purpose  to  confine 

ourselveR  to  the  consideration  of  the  simplest  and  most  general 

ropcrtics  of  the  central  nervous  cells. 

These  arc  arranged  in  the  vertebrate  body  in  two  great  systems : 

c  ccrcbro-spinal  axis,  and  the  various  ganglia  scattered  over  the 
y ;  we  shall  deal  with  such  proi)erties  only  as  are  more  or 
commoti  to  the  two  systems.  We  nvay  premise  that  as  far 
r  kfiowlcdge  at  present  goes,  the  processes  which  are  con- 
ed in  the  jirO)»ai^aiion  of  nervous  impulses  along  a  sensory 
uuuk  are  tdcniical  with  tliose  wluch  take  place  in  a  motor 
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nerve-tnink.  The  phenomena  of  the  natural  nerve-current,  of 
the  ne^aiive  variation  during  the  passage  of  an  impulse  and  of 
electrotonus  (and  these  facts  mark  out,  as  we  have  seen,  the 
limits  of  our  information  on  this  matter),  are  exactly  the  same, 
whether  the  piece  of  nerve-tmnk  experimented  on  be  a  mixed 
nerve-trunk,  or  an  almost  purely  motor,  or  an  almost  purely 
sensory  nerve-trunk,  or  an  anterior  or  posterior  nerve-root,  or  ilie 
special  sensory  nerve  of  a  particular  sense,  such  as  the  optic 
nerve.  In  both  sensory  and  motor  nerves  the  changes  accom- 
panying a  nervous  impulse  are  transmitted  equally  well  in  both 
directions. 

We  seem  justified  in  concluding  that  the  events  which  occur  in 
a  sensory  nerve  when  it  is  an  instrument  of  sensation,  differ  from 
those  which  take  place  in  a  motor  ner%'e  when  that  is  an  inslm- 
ment  of  movemetit,  only  so  far  as  the  sensory  impulses  arts 
generated  by  particular  processes  which  bear  the  stamp  of  the 
sensory  cell  in  which  they  originated,  while  the  motor  impulses 
are  generated  by  particular  processes  which  bear  the  stamp  of  the 
central  nervous  cells  in  which  they  in  turn  originated.  All 
sensory  imi>ulscs  appear  to  be  tetanic  in  nature,  />,  to  be 
composed  of  a  series  of  constituent  simple  impulses ;  and  it  is 
probable  that  while  the  motor  impulses  wMch  proceed  Jrom  the 
central  nervous  system  to  the  muscles  are  composed  of  simple 
impulses  repeated  with  the  same  rapidity,  and  thus  giving  rise  to 
the  same  muscular  note  (p.  57),  the  sensory  impulses  wliich 
[»roceed  from  the  peripheral  sense  organs  to  the  central  nervous 
system  vary  exceedingly  as  to  the  way  in  which  their  constituent 
simple  impulses  are  combined.  It  is  indeed  possible  that  the 
complex  sensory  impulses  which  give  rise,  for  instance,  to  sight 
and  touch  respectively,  may  differ  only  in  the  wave-length,  so  to 
speak,  of  their  constituent  simple  impulses,  much  in  the  same 
way  as  red  hght  differs  from  blue  light. 

In  the  scheme  sketched  out  above,  the  same  central  nervous 
cell  is  supposed  to  be  engaged  at  once,  both  in  originating  auto* 
matic  actions  and  in  modifying  sensory  impulses  (i.e.  impulses 
proceding  trom  the  superficial  sensitive  culls)  previous  to  these  being 
passed  on  to  the  muscular  fibre.  It  is  evident  that,  where  two  or 
more  central  ner\'ous  cells  occur  together,  a  further  differentiation 
would  be  of  advantage  :  a  differentiation  into  cells  which,  though 
slill  susceptible  of  being  influenced  from  without,  should  be  more 
especially  restricted  to  automatic  action,  and  into  cells  which 
shouki  forego  their  automatism  for  the  sake  of  being  more  efficient 
in  modifying  sensory  impulses,  with  a  view  of  transmitting  ihera 
into    motor    impulses,    and    so    of   giving   rise   to  appropriate 
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jveraenis.  We  thus  gain  the  fundamental  and  primary  differen- 
ition  of  the  work  of  a  central  nervous  system  into  automatic 
id  into  reflex  operations.  These  are  very  clearly  manifested  by 
ic  brain  and  spinal  cord»  and  probably  also,  though  this  is  less 
tin,  by  the  sporadic  ganglia. 

Automatic  actions.  In  the  vertebrate  animal  the  highest 
inn  of  automatism,  individual  volition,  with  which  conscious 
itelligence  is  associated,  is  a  function  of  certain  parts  uf  the 
in.  There  are  evidences  of  the  existence  in  the  brain  of  other 
imis  of  automatism.  All  these  will  be  considered  in  detail 
reafier. 

In  the  spinal  cord  separated  from  the  brain  by  section  of  the 
medulla  oblongata,  it  becomes  difficult  to  draw  a  line  between 
lurely  auiomaiic  and  reflex  actions.  Thus,  when  we  come  to  deal 
mh  aspiration,  we  shall  see  that  while  there  can  be  no  doubt  that 
'tlar  respiratory  apparatus  is  kept  at  work  by  irafrulses 
>;,  in  a  rhythmic  manner,  from  a  group  of  nerve  cells,  or 
jpiraioty  nervous  centre,  m  the  medulla  oblongata,  it  is  an  open 
;stion  whether  those  impulses,  whose  generation  is  certainly 
led  by  centripetal  impulses  passing  to  the  centre  along 
ma  nerves,  are  absolutely  automatic:  i.e.  whether  they  can 
continue  to  make  their  appearance  when  no  influences  whatever 
^m  without  are  brought  10  bear  upon  the  centre.  Similar  doubts 
ivcr  round  other  automatic  functions  of  the  spinal  cord.  We 
rail  see  hereafter  reasons  for  speaking  of  the  existence  in  the 
medulla  oblongata  of  a  vaso-moior  centre,  that  is  of  a  group  of 
nen-e-cells,  whence  impulses  habitually  proceed  along  the  so-called 
vaso-motor  nerves  to  the  muscular  coats  of  the  small  arteries,  and 
keep  these  vessels  in  a  state  of  semi-contraction  or  tone.  Here 
loo  it  is  doubtful  whtther  these  motor  or  efferent  impulses  can  be 
generated  in  the  absence  of  all  sensory  or  afferent  impulses.  The 
posterior  lymphatic  hearts  of  the  frog  are  connected  by  the  small 
tenth  pair  of  spinal  nerves  with  the  grey  matter  of  the  termination 
of  the  spinal  cord,  in  such  a  manner  that  destruction  of  that  part 
of  the  spinal  cord  or  section  of  the  tenth  nerves  apparently  puts 
_aii  cud  to  the  rhythmic  pulsations  of  the  lymphatic  hearts.  Here 
wouhl  seem  as  if  rhythmic  impulses  were  automatically  generated 
lower  end  of  the  cord,  and  proceeded  along  the  efferent 
to  the  hearts,  thus  determining  their  rhythmic  pulsations. 
if  it  be  true,  as  asserted,  that  the  rhythmic  pulsations, 
arrusted  for  a  time  by  severance  of  the  nerves,  or  destruc- 
of  the  lower  end  of  the  cortl,  are  after  a  while  resumed,  ihea 
toO)   can  be   no   longer  counted   among   the   automntie, 
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phenomena  of  the  cord.  And  so  in  other  instances  which  wc 
shall  meet  with  in  the  course  of  this  book.  The  existenrft  of  auto- 
matism, then,  even  of  this  comparatively  simple  character,  is  at  least 
doubtful.  That  all  higher  automatism  comparable  at  least  to  that 
of  the  cerebral  hemispheres  is  absent,  may  be  regarded  as  certain. 

In  the  sporadic  ganglia  the  evidence  of  automatic  action  seems 
more  clear,  and  yet  is  by  no  means  absolutely  decisive.  The  beat 
of  the  heart  is  a  typical  automatic  action  :  and,  since  the  heart 
will  continue  to'  beat  for  some  time  when  isolated  from  the  rest  of 
the  body  (that  of  a  cold-blooded  animal  continuing  to  l>eat  for 
hours,  or  even  days),  its  automatism  must  he  in  its  own  structures. 
When,  however,  we  come  to  discuss  the  beat  of  the  heart  in 
detail,  we  shall  finvl  that  it  is  still  an  open  question  whctlier  the 
automatism  is  confined  to  the  ganglia  (either  of  the  sinus  venosus, 
auricles^  or  auriculo-vcntricular  boundary),  or  shiired  in  by  the 
muscular  tissue  :  w^hether,  in  fact,  the  automatism  is  a  muscular 
automatism  like  that  of  a  ciliated  cell,  or  the  automarism  of  a 
differentiated  nerve-cell.  And  yet  the  heart  is  the  case  where  the 
automatism  of  the  ganglia  seems  clearest 

The  peristaltic  contractions  of  the  alimentary  canal  are  auto- 
matic movements;  we  cannot  speak  of  them  as  being  simply 
excited  by  the  presence  of  food  in  the  canal,  any  more  than  we 
can  say  that  the  beat  of  the  heart  is  caused  by  the  presence  of 
blood  in  its  cavities.  When  absent  they  may  be  set  agoing,  and 
when  present  may  be  stopped  without  any  change  in  the  contents 
of  the  canal.  They  may,  of  course,  be  intluenced  by  the  contents, 
just  as  the  beat  of  the  heart  is  influenced  by  the  quantity  of  blood 
in  its  cavities.  Throughout  the  intestines  are  found  the  nerve 
plexus  of  Auerbach  and  that  of  Meissner  ;  to  each  or  both  of 
these  the  automatism  of  the  peristaltic  movements  has  been 
referred.  Yet  in  the  ureter,  whose  peristaltic  waves  of  contraction 
closely  resemble  that  of  the  intestine,  automatism  is  evident  in 
the  middle  third  of  its  length  even  when  completely  isolated  ;  in 
which  region  (in  the  rabbit  at  least),  according  to  Engelmann*, 
ganglia,  and  indeed  nerve-cells,  are  entirely  absent. 

Thus,  while  in  the  spinal  cord  there  is  doubt  whether  purely 
automatic,  as  stringendy  distingiiislied  from  reflex,  actions  take 
place,  in  the  case  of  the  sporadic  ganglia  the  uncertainty  is  whether 
the  clearly  automatic  movements  of  the  organs  with  which  the 
ganglia  are  associated  are  due  to  the  nerve-cells  of  the  ganglia,  or 
to  the  muscular  tissue  itself. 

Reflex  Actions. — The  spinal  cord  offers  tlie  best  and  m( 

*  Pfliigcr's  Atrkiv  (1869)  II.  243. 
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mmerous  examples  of  reflex  action.     In  fact,  reflex  action  may 
said  to  be,  par  tXifiknce^  the  function  of  the  spinal  cord  ;  and 
le  grey  matter  of  the  spin.il  cord  may  be  broadly  ronsidered  as 
multitude  of  retltx  centres.     We  have  here  to  consider  the  cord 
lerely  in  its  general  aspects  ;  and  must  postpone  the  special  con- 
sideration of  the  particular  fonns  of  reflex  action  which  it  exhibits, 
they  come  before  us  in  various  connections,  or  until  we  have  to 
leal  with  it  as  part  of  the  great  central  nervous  niarlnnery. 

In  its  simplest  form  a  reflex  action  is  as  follows.  All  the  ma- 
linery  it  demands  is  {a)  a  sentient  surface  (external  or  internal), 
mnectcd  by  (/')  a  sensory,  or — to  adopt  the  more  general  and 
rtter  term— afferent  nerve,  with  {c)  a  central  nerve-cell  or  group 
of  connected  nerve-cells,  which  is  in  relation  by  means  of  {d)  a 
motor,  or  efferent,  nerve  or  nerves,  with  (<■)  a  muscle,  or  muscles, 
or  some  other  irritable  tissue-elements,  capable  of  responding  by 
_some  rhnnge  in  their  condition,  to  the  advent  of  efferent  impulses. 
le  afferent  impulses  started  in  ci,  passing  along  b^  reach  the 
jntTc  r,  are  there  transmuted  into  efferent  impulses,  which,  passing 
along  </,  finally  reach  ^,  and  there  produce  a  cognisable  eflect 
The  essence  of  a  reflex  action  consists  in  the  transmutation,  by 
means  of  the  irritable  protoplasm  of  a  nerve-cell,  of  afferent  into 
efferent  impulses.  As  an  ajiproach  to  a  knowledge  of  the  nature 
of  that  transmutation,  we  may  lay  down  the  following  propositions. 
l^he  numhfr,  intensity^  characUr  and  distribution  of  the  efferent 
f/'t/tses  is  determined  chiefly  by  the  ei'cnts  which  take  place  in  the 
H*}ptasm  of  the  reflex  centre.  It  is  not  that  the  afferent  impulse 
simply  reflected  m  the  nerve-cell,  and  so  becomes  with  but  little 
igcan  efferent  impulse.  On  the  contrary,  an  afferent  impulse 
ling  along  a  single  sensory  fibre  may  give  rise  to  efferent  im- 
polses  passing  along  many  motor  nerves,  and  call  forth  the  most 
oocDplex  movements,  .^n  instance  of  this  disproportion  of  the 
afibrent  and  efferent  Impulses  is  seen  in  the  case  where  the  con- 
tact with  the  glottis  of  a  fureign  body  so  insignificant  as  a  hair 
'^  a  violent  fit  of  coughing.  Under  such  circumstances  a 
1:^  it  contact  with  the  mucous  membrane,  such  as  could  not 
possibly  give  rise  to  anything  more  than  few  and  feeble  impulses, 
iTiay  cause  the  discharge  of  so  many  efferent  impulses  along  so 
xirxwy  motor  nerves,  that  not  only  all  the  respiratory  muscles,  but 
vij  >o<»t  all  the  muscles  of  the  body,  are  brought  into  action. 
-  :  \\\ax  though  less  striking  instances  of  how  incommensurate  m<:, 
:  r  nt  :\n'\  ^/ffcrent  impulses  may  be  seen  in  reflex  actions.  In 
'      ,  t  '  nt  impulse  when  it  reaches  the  prfitaplaiui  of  the 

hl-tyc  j/riMluces  there  a  series  of  changes,  of  explosive  disturb* 
,  which,  except  that  ihe  nerve-cell  dnea  not  m  any  way 
P  \\  9 
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change  its  form,  raay  be  likened  to  the  explosive  changes  in  a 
muscle  on  the  arrival  of  an  impulse  along  its  motor  uerve*. 
The  changes  in  a  nerve-cell  during  reflex  action,  we  mi^ht  say 
during  its  activity,  far  more  closely  resemble  the  changes  during 
a  muscular  contraction  than  those  which  accompany  the  passage 
along  a  nerve  of  either  an  afferent  or  efferent  impulse.  The 
simple  passage  along  a  nerve  is  accompanied  by  little  expenditure 
of  energy ;  it  neither  gains  nor  loses  force  to  any  great  extent  as 
it  progresses.  The  transmutation  in  a  nerve-cell  is  most  probably 
(though  the  direct  proofs  are  perhaps  wanting)  accompanied 
by  a  large  expenditure  of  energy,  and  a  simple  nervous  impulse 
in  suffering  this  trar^smutation  in  a  central  nervous  organ  may 
accumulate  in  intensity  to  a  very  remarkable  extent,  as  in  the 
case  of  strychnia  poisoning. 

The  naturi  of  the  efferent  impulses  is,  hoivever^  deUnnimd  also  by 
tin  nature  of  the  afferent  impulses.  The  nerve-centre  remaining  in 
the  same  condition,  the  stronger  or  more  numerous  impulses  will 
give  rise  to  the  more  forcible  or  more  comprehensive  movements. 
Thus  if  the  flank  of  a  brainless  frog  be  very  lightly  touched,  the 
only  reflex  movement  which  is  visible  is  a  slight  twitching  of  the 
muscles  lying  immerliaicly  underneath  the  s[>ot  of  skin  stimu- 
lated. If  the  stimulus  he  increased,  the  movements  will  spread 
to  the  hind'leg  of  the  same  side,  which  frequently  will  execute  a 
movement  calculated  to  push  or  wipe  away  the  stimulus.  By 
forcibly  pinciiing  the  same  spot  of  skin,  or  otherwise  increasing  the 
stimulus,  tlic  resulting  movements  may  be  led  to  embrace  the  fore- 
leg of  the  same  side,  tlien  the  opposite  side^  and  finally,  almosr 
all  the  muscles  of  the  body.  In  other  words,  the  disturbance  set 
going  in  the  central  nerve-cells,  confined  when  the  stimulus  is 
slight  to  a  few  nerve-cells  and  to  a  few  nerve-fibres,  07>erjf&ws^ 
so  to  speak,  when  the  stimulus  is  increased,  on  to  a  number  ot 
adjoining  and  (we  must  conclude)  connected  cells,  and  thus  throws 
impulses  into  a  large  and  larger  number  of  efferent  nerves. 

Certain  relations  ma)*  be  obsened  between  the  sentient  spot  stitnu- 
lated  and  the  resulting  movement.  In  the  simplest  cases  of  rellex 
action  this  relation  is  merely  that  the  muscles  thrown  into  action 
are  those  governed  by  a  motor  nerve  which  is  the  fellow  of  the 
sensot)'  nerve,  the  stimulation  of  which  calls  forth  the  nmvcmcnt. 
In  the  more  complex  reflex  actions  of  the  brainless  frog,  and 
in  other  cases,  the  relation  is  of  such  a  kind  that  the  resulting 
movement  bears  an  adaptation  to  the  stimulus ;  the  foot  is  with- 
drawn  from  the  stimulus,  or  the  movement  is  calculated  to  push 

*  The  question  as  to  how  far  these  processes,  in  the  central  cells  arc  connected 
^ith  the  developmcnl  of  conbciou^iaess  is  here  purpoi^ly  paired  over. 
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or  wipe  away  the  stimulus.     In  other  words,  a  certain  purf^sc  is 
evident  in  the  reflex  action. 

Thus  in  all  cases»  except  perhaps  the  very  simplest,  the  move- 
ments called  forth  by  a  reflex  action  are  exceedingly  complex, 
compared  with  those  which  result  from  the  direct  stimulation  of  a 
motor  trunk.  When  the  perijiheral  stump  of  a  divided  sciatic 
nerve  is  stimulated  with  the  interrupted  current^  the  muscles  of 
the  leg  are  at  once  thrown  into  tetanus,  continue  in  the  same  rigid 
condition  during  the  passage  of  the  current,  and  relax  immediately 
on  the  current  being  shut  off".  When  the  same  current  is  applied 
for  a  second  only,  to  the  skin  of  the  tiank  of  a  brainless  frog,  the 
leg  is  drawn  up  and  the  foot  rapidly  swept  over  the  spot  irritated, 
y»  if  to  wipe  away  the  irritation  ;  but  this  movement  is  a  complex 
one,  requiring  the  contraction  of  particular  muscles  in  a  definite 
sequence,  with  a  carefully  adjusted  proportion  between  the 
amounts  of  contraction  of  the  individual  muscles.  And  this  com- 
plex movement,  this  balanced  and  arranged  series  of  contractions, 
may  be  repeated  more  than  once  as  the  result  of  a  single  stimula- 
tion of  the  skin.  When  a  deep  breath  is  caused  by  a  dash  of  cold 
water,  the  same  co-ordinated  and  carefully  arranged  series  of  con- 
tractions is  also  seen  to  result,  as  part  of  a  reflex  action,  from  a 
simple  stimulus.     And  many  more  examples  might  be  given. 

In  such  cases  as  these,  part  of  the  complexity  may  be  due  to 
fact  that  the  stimulus  is  applied  to  terminal  sensory  organs 
[luid  not  directly  to  a  nerve-trunk.  As  we  shall  see  in  speaking  of 
[the  senses,  the  impulses  which  are  generated  by  the  application  of 
\%  stimulus  to  a  sensory  organ  are  more  complex  than  those  which 
feiult  ftom  the  direct  stimulation  of  a  sensory  nerve-trunk.  Never- 
[theless,  reflex  actions  of  great  if  not  of  equal  complexity  may  be 
Induced  by  stimuli  ap])lied  directly  to  a  nerve  trunk.  We  arc 
therefore  obliged  to  conclutle  that  in  a  reflex  action,  the  processes 
which  are  originated  in  the  central  nerve-cells  by  the  arrival  of 
impic  impuliies  along  afferent  nerves  may  be  highly  complex; 
and  that  it  is  the  constitution  and  condition  of  the  nervc-cclls 
[bich  determine  the  complexity  and  character  of  the  movements 
arc  effected.  In  other  words,  the  central  nerve-cells  con- 
in  retiex  actions  are  to  be  regarded  as  constituting  a  sort 
lolcciilar  machinery,  the  character  of  the  resulting  movements 
detcrmiried  by  the  nature  of  the  machinery  set  going  and  its 
ition  at  the  time  being,  the  character  and  amount  of  the  afferent 
lIseR  determining  exactly  what  p.artsof  and  how  tar  the  central 
:hiDcry  i»  thrown  into  action. 


Actions  of  Sporadic  Ganglia. 
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9-^ 


132 


SPORADIC  GANGLIA. 


[book  I. 


cord,  the  nerve-cells  undoubtedly  are  the  central  structures  con- 
cerned in  the  production  of  reflex  action,  it  is  only  natural  to 
infer  that  the  nerve-cells  of  the  sporadic  ganglia  possess  similar 
functions.  Yet  the  evidence  of  this  is  at  present  of  very-  limited 
extent.  With  regard  to  the  ganglia  on  the  posterior  roots  of  the 
spinal  nerves,  all  the  evidence  goes  to  shew  that  these  possess  no 
power  whatever  of  reflex  action.  Of  the  larger  ganglia  visible  to 
the  naked  eye,  such  as  the  ciliary  otic,  &c.,  we  have  indications  of 
reflex  action  in  one  only,  viz.  the  submaxillary,  and  these  indica- 
tions are,  as  we  shall  see  in  treating  of  the  salivary  glands,  dis- 
puted. We  have  no  exact  proof  that  the  ganglia  of  the  sympa- 
thetic chain,  or  of  the  larger  sympathetic  plexuses,  ;u-e  capable  ol 
executing  reflex  actions. 

In  fact,  in  searching  for  reflex  actions  in  ganglia,  we  are  reduced 
to  the  small  microscopic  groups  of  cells  buried  in  the  midst  of  the 
tissues  to  which  they  belong,  such  as  the  ganglia  of  the  heart,  of 
the  intestine,  the  bladder,  &c.  When  a  quiescent  frog's  heart  is 
stimulated  by  touching  its  surface,  a  beat  takes  place.  This  beat 
is,  as  we  shall  see,  a  complex,  co-ordinated  movement,  ver)^  simi- 
lar to  a  reflex  action  brought  about  by  means  of  the  sjiinal  cord  ; 
and  in  its  production  it  is  probable  that  the  cardiac  ganglia  are  in 
some  way  concerned.  Wlien  a  quiescent  intestine  is  touched  or 
otherwise  stimulated,  peristaltic  action  is  set  up.  Here  again  the 
ganglia  present  in  the  intestinal  walls  may  be  supposed  to  play  a 
part ;  but  this  movement  is  nmch  more  simple  than  the  beat  of 
the  heart,  and  as  regards  it,  and  more  especially  as  regards  the 
similar  peristaltic  action  of  the  ureter,  it  becomes  difficult  to  clis- 
tinguish  between  a  movement  governed  by  ganglia,  and  one  pro- 
duced by  direct  stimulation  of  the  muscular  fibres.  We  have 
seen  that  the  great  distinction  between  a  reflex  action  and  a 
movement  caused  by  direct  stimulation  of  a  nerve  or  of  a  muscle 
lies  in  the  greater  complexity  of  the  former ;  and  we  may  readily 
imagine,  that  by  continued  simplification  of  the  centr«il  ncrvoas 
machinery,  the  two  might  in  the  end  become  so  much  alike  as  to 
be  almost  indistinguishable. 

In  the  vertebrate  animal  then  the  chief  seat  of  reflex  action  is 
the  spinal  cord  and  brain.  We  say  *  and  brain  *  because,  as  we 
shall  see  later  on,  the  brain,  in  addition  to  its  automatism,  is  as 
busy  a  field  of  reflex  action  iis  the  spinal  cord. 

Inhibition.  In  speaking  of  reflex  action,  we  took  it  for 
granted  that  the  spinal  cord  was,  at  the  moment  of  the  arrival  of 
the  afl*erent  impulses  at  the  central  nervtr-cells,  in  a  quiescent  stale ; 
that  the  nerve  cells  themselves  were  not  engaged  in  any  automatic 
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action.  We  were  justified  in  doing  so,  because  as  fai-  as  the 
musdcs  generally  of  the  body  are  concerned,  the  spinal  cord  is  in 
a  brainless  frog  perfectly  quiescent ;  an  afferent  impulse  reaching 
an  ordinary  nerve-cell  of  the  spinal  cord  does  not  find  it  pre- 
occupied in  any  other  business.  But  what  happens  when  afferent 
impiihcs  reach  a  nerve -cell  or  a  group  of  nerve-cells  already 
engaged  in  automatic  action  ? 

We  have  already  referred  to  an  automatic  respiratory  centre 
in  the  medulla  oblongata.  Wc  may  here  premise,  what  we  shall 
shew  more  in  detail  hereafter,  that  the  pneumogastric  nerve  is 
peculiarly  associated  as  an  afferent  ner\'e  with  this  respiratory 
nlrc  Now  if  the  central  end  of  the  divided  pneumogastric  be 
Ululated  at  the  time  when  the  respiratory  centre  is  engaged  in 
its  accustomed  rliythmic  action,  sending  out  complex  co-ordinated 
impulses  of  inspiration  (and  of  expiration)  at  regular  intervals, 
one  of  two  things  may  happen,  the  choice  of  events  being 
^determined  by  circumstances  which  need  not  be  considered 
here. 

The  most  striking  event,  and  the  one  which  interests  us  now, 
IS  that  the  respiratory  rhythm  t's  siouf^d  or  s(opf>€d  alto^fther, 
7*hal  is  to  say,  that  afferent  impulses  which,  under  ordinary 
conditions,  would,  on  rcaching  a  quiescent  nervous  centre,  give 
rise  lo  movement,  may,  under  certain  conditions,  when  brought 
CO  bear  on  an  already  active  automatic  nervous  centre,  check  or 
stop  movement  by  interfering  with  the  production  of  efferent 
impulses  in  that  centre.  This  stopping  or  checking  an  already 
pfwcot  action  \^  spoken  of  as  an  *  inhibition  ; '  and  the  effect  of 
the  pnci  in  this  way  on  the  respiratory  centre  is  spoken 

of  as  *  th  )ry  action  of  the  pneumogastric  on  the  respiratory 

centre.' 

The  other  event  is  that  the  respiratory  rhythm  is  accelerated 
Wc  shall  hereafter  discuss  the  explanation  of  the  two  events. 
We  may  however  premise  that  according  to  one  view  the  pneumo- 
gastric contains  among  its  afferent  fibres  two  sets,  which  are  either 
uf  a  different  nature  from  each  other,  or  are  so  differently  con- 
neried  with  the  respiratory  centre,  that  impulses  arriving  along 
stop,  while  those  arriving  along  the  other  quicken,  the  action 
that  centre.  Hence,  the  one  set  are  called  'inhibitory,'  the 
*  accelerating  *  or  *  augmenting '  fibres.  But  we  are  concerned 
lent  only  with  the  fact  that  the  stimulation  of  a  nerve  may 
i1  ^itory  or  augmentative  effects, 

the    vaso-motor    centre    in    the    meduUa    may,    by 

,\  ^nving  along  various  afferent  tracts,  be  inhibited,  during 

muscular   walls   of  various   arteries  arc   rclax.ed  ;  ot 
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augmented,  whereby  the  tonic  contraction  of  various  arteries 
is  increased. 

The  most  striking  instance  of  inhibition  is  offered  by  the 
heart.  If  when  the  heart  is  beating  well  and  regularly,  the 
pneumogastric  be  divided,  and  the  peripheral  portion  be  stimulated 
even  for  a  very  short  time  with  an  interrupted  current,  the  heart 
is  imniediatdy  brought  to  a  standstill.  Its  beats  are  arrested,  it 
lies  perfectly  flaccid  and  motionless,  and  it  is  not  till  after  some 
little  time  that  it  recommences  its  beat  Here  again  it  is  usually 
said  that  the  pneumogastric  contains  efferent  cardio-inhibitory 
fibres,  impulses  passing  along  which  from  the  medulla  stop  the 
automatic  actions  of  the  cardiac  ganglia  ;  the  respiratory  inhii)itoiy 
fibres  of  the  same  nerve  are  afferent,  Lt,  impulses  pass  along  them 
up  to  the  medulla. 

Though  inhibition  is  most  clearly  seen  in  the  case  of  automatic 
actions,  other  actions  may  be  similarly  inhibited.  Thus,  as  we 
shall  see  later  on,  the  reflex  actions  of  the  spinal  cord  may,  by 
appropriate  means,  be  inhibited. 

To  sura  up,  then,  the  most  fundamental  properties  of  ner\'ous 
tissues. 

Nerve-fibres  are  concerned  in  the  propagation  only,  not  in  the 
origination  or  transformation,  of  nervous  impulses.  As  far  as  is  at 
present  known,  impulses  are  propagated  in  the  same  manner  along 
both  sensory  and  motor  nerves.  Sensory  impulses  differ  from 
motor  imfmlses  in.ismuch  as  the  former  arc  generated  in  sensory 
organs  and  pass  up  to  the  central  nervous  cells,  while  the  latter 
pass  from  the  central  nervous  cells  to  the  muscles  or  to  some 
other  penpheral  organs. 

The  operations  of  the  nerve-cells  are  either  automatic  or 
reflex.  In  both  an  automatic  and  a  reflex  action,  the  diversity 
and  the  co-ordination  of  the  impulses  is  determined  by  the 
condition  of  the  nerve-cells.  During  the  passage  of  an  impulse 
along  a  nerve-fibre,  there  is  no  augmentation  of  energy ;  in  passing 
through  a  nerve-cell,  the  augmentation  may  be,  and  generally  is, 
most  considerable. 

\Vhen  afferent  impulses  reach  a  centre  aheady  in  action,  the 
activity  of  that  centre  may,  according  to  circumstances^  be  either 
depressed  or  exalted,  may  be  'inhibited*  or  *  augmented.' 

The  sketch  of  the  evolution  of  a  nervous  system  given  at  the 
beginning  of  this  chapter  is  based  on  the  observations  of  Klcineaberg* 

*  Ifydra^  Leipzig,  1872. 
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^d  the  subsequent  results  of  Eimcr/  O.  and  R.  Hertwig/and  Romanes.* 
he  view  expressed  as  to  the  original  continuity  of  muscle  and  ne-rve  is 
ipportcd  by  the  now  well  recognised  fact  that  in  skeletal  muscles  the 
L|s-cylindcr  of  the  motor  nerve  not  only  pierces  the  sarcolemmat  but 
>mes  into  close  contact  with  the  contractile  substance  ;  and  this  truth 
largely  to  KiiHnc,* 


m- 


hgischt  UnttrsM^h.^   1 874.     Aftkw  f.  micro.   AnaL,    xiv.  (1877)  p. 


*  />At  NervfH'Syst/m  nnd  dit  Smnes  Or^ant  dtr  Mtdusen^  1 878, 
>  thil  Tttins,  1876,  p.  269,  1S77,  |».  659» 

♦  Arckht  /   Afiat.    und  Phys.t   1859,     p.    564.       Ueber  d.  periphtriscktn 
nd&rj^nt  der  mtytorischen  Nrrven^  1S62,  and  subsequent  papers  in  Virchow's 

17/;  Il4lc   ?i,  27,  2S  and  39.     Doyere  uiidoubletily  had  previously  (1840) 

.tl>'  iv  of  ihe  motor  ncrve-fibrc  with  the  «'arcolctnm.i-les%  muscubr 

ucs  ( lard i grades),  and  Wagner  (1847)  bsitl  ejcivresscd  a  belief 

.^ .cs  also  the  motor  ncrvc-fibre  ends  in  the  muscular  fibre,      \'et 

r>vre  to  Kithnc  the  first  definite  proof  that  both  in  vertebrates  and  in  inver* 
ibmtcs  the  QuisculnT  fibres  of  which  possess  a  sarcolemma,  the  axis-cylinder 
.Tccs  the  sarciilcmm^     We  are  indebted  to  him  also  for  the  discovery  of  the 
f  termination  of  the  axis-eylinHer  in  the  mustnilar  fibres  of  amphibia. 
For  a  corTvct.!i|>  f  the  structure  and  jxjsitjon  within  the 

una  of  the  end  plai  4  piri  of  the  ncrve-cminenoe  (nervcn- 

diicovered  in  other  VLi.^.,j„.. .  by  Kouget,  Kmuse,  and  Engelmaan. 


CHAPTER   IV. 

•HE   VASCULAR   MECHANISM. 

Ik  order  that  the  blood  may  be  a  satisfactory  medium  of  com- 
inunication  between  all  the  tissues  of  the  body,  two  things  are 
Tjecessary.  In  the  first  place,  there  must  be  through  all  parts  of 
the  body  a  flow  of  blood,  of  a  certain  rapidity  and  general 
t  onstam.y.  In  the  second  place,  this  Oow  must  be  susceptible 
of  both  general  aod  loral  raodifications.  In  order  that  any  tissue 
or  organ  may  readily  adapt  itself  to  changes  of  circumstances 
(action,  repose,  ik.c.),  it  is  of  advantage  that  the  quantity  of  blood 
passing  to  it  should  be  not  absolutely  constant,  but  capable  of 
variation.  In  order  ihat  the  material  equilibrium  of  the  body 
may  be  maintained  as  exacdy  as  possible,  it  is  desirable  that  the 
loading  of  the  blood  with  substances  proceeding  from  the  un- 
wonted activity  of  any  one  tissue,  should  be  accompanied  by  a 
greater  flow  of  blood  through  some  excietory  or  metabolic  tissue 
by  which  these  substances  may  be  removed.  Similarly  it  is  of 
advantage  to  the  body  that  the  general  flow  of  blood  should  in 
some  circumstances  be  more  energetic,  and  m  others  less  so,  than 
normal 

The  first  of  these  conditions  is  dependent  on  the  mechanical 
and  physical  properties  of  the  vascular  mechanism ;  and  th< 
problems  connected  with  it  are  almost  exclusively  mechanical 
physical  problems.  The  second  of  these  conditions  depends  on 
the  intervention  of  the  nervous  system ;  and  the  problems 
connected  with  it  are  essentially  physiological  problems. 


I.    The  Physical  Phenomena  of  the  Circulation. 

The   apparatus   concerned  in  the  Maintenance  of   the 
Normal  Flow  is  as  follows : 

I.     The   heart,   beating   rhythmically   by  virtue  of  its   coi 
tractility  and  intrinsic  mechanisms,  and  at  each  beat  diacharging 
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a  certain  quantity  of  blood  into  the  aorta*     [For  simplicity's  sake, 
we  omit  for  the  present  the  pulmonary  circulation.] 

2.  The  arteries,  highly  elastic  throughout,  with  a  circulai' 
muscular  element  increasing  in  relative  importance  as  the  arteries 
diminish  In  sl^c.  It  must  not  be  forgotten  that  the  muscular 
element  is  also  elastic. 

VMien  an  artery  divides,  the  united  sectional  area  of  the 
branches  is,  as  a  rule,  larger  than  the  sectional  area  of  the  stcui. 
Thus  the  collective  capacity  of  the  arteries  is  continually  (and 
rapidly)  increasing  from  the  heart  towards  the  capillaries.  If  all 
ihe  arterial  branches  were  fused  tojiether,  they  would  form  a 
funnel,  with  its  apex  at  the  aorta.  The  united  sectional  area  of 
c  capillaries  has  been  calculated  by  Vierordt  to  amount  to 
eral  (eight?)  hundred  limes  that  of  the  aorta. 

3.  The  capillaries,  channels  of  exceedingly  small  but  variable 
Size.  Their  walls  are  elastic  (as  shewn  by  their  behaviour  during 
the  passage  of  blood-corpuscles  through  them),  exceedingly  thin 
and  fiermeable.  They  are  permeable  both  in  the  sense  of  allow- 
ing riuids  to  pass  through  them  by  osmosis,  and  also  in  the  sense 
of  allowing  whhc  and  red  corpuscles  to  traverse  them.  The 
small  arteries  and  veins,  which  gradually  pass  into  and  from  the 
caiJillaries  properly  so  called,  are  sirailarly  permeable,  the  more 
so,  the  smaller  they  are. 

4.  The  veins,  less  elastic  than  the  arteries,  and  with  a  very 
variable  muscular  element.    The  united  sectional  area  of  the  veins 

iminisbes  from  the  capillaries  to  the  heart,  thus  resembling  the 
■ricries  ;  but  the  united  sectional  area  of  the  venae  cavae  at  their 
embouchment  into  the  right  auricle  is  greater  than  that  of  the 
aorta  at  its  origin.  (The  proportion  is  nearly  two  to  one.)  The 
total  capacity  of  the  veins  is  similarly  much  greater  than  that  of 
llie  iineriea.  The  veins  alone  can  hold  the  total  mass  of  blood 
which  in  life  is  distributed  over  both  arteries  and  veins.  Indeed 
nearly  the  whole  blood  is  capable  of  being  received  by  what  is 
merely  a  part  of  the  venous  system,  \h,  the  vena  porlae  and  its 
branchc3.  Such  veins  as  are  for  various  reasons  liable  to  a  reflux 
of  blood  from  the  heart  towards  the  capillaries,  are  provided  with 
Ives. 

Sic  t.     Main  General  Facts  of  the  Circulation. 

I.     TAi  Capillary  Circulation. 

M  ihc  web  of  a  frog's  foot  be  examined  with  a  microscope, 
tl>c  bloodp  as  judged  of  by  the  movements  of  tlie  corpusdeii,  is 
seen  to  be  pasang  in  a  continuous  stream  from  the  small  art erii 
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through  the  capillaries  to  the  veins.  The  velocity  is  greater  in  the 
arteries  than  in  the  veins,  and  greater  in  both  than  in  the 
capillaries.  In  the  arteries  faint  pulsations,  synchronous  with  the 
heart's  beat,  are  occasionally  visible;  and  not  unfrequentlv 
variations  in  velocity  and  in  the  distribution  of  the  blood,  due  to 
causes  which  will  be  hereafter  discussed,  are  witnessed  from  time 
to  time. 

The  flow  through  the  smaller  capillaries  is  very  variable. 
Sometimes  the  corpuscles  are  seen  passing  through  the  channel 
(which  when  collapsed  may  have  a  diameter  smaller  than  the  short 
axis  of  a  red  orpuscle)  in  single  file  with  great  regularity  at  a 
velocity  of  about  '57  mm.  in  a  second.  (In  the  human  retina  the 
velocity  is  75  ram.  per  sec.  accorditig  to  Vierordt.)  At  other 
times,  the  corpuscles  which  pass  along  a  given  capillary  may  be 
few  and  far  between.  Sometimes  the  corpuscle  may  remain 
stationary  at  the  entrance  into  a  capillary^  the  channel  itself  being 
for  some  Httle  distance  entirely  free  from  corpuscles.  Any  one  af 
these  conditions  readily  passes  into  anodier,  and,  especially  with  a 
somewhat  feeble  circulation,  instances  of  all  of  them  may  be  seen 
in  the  same  field  of  the  microscope.  It  is  only  in  the  case  of  a 
very  full  circulation  that  all  the  capillaries  caa  be  seen  equally 
filled  with  corpuscles.  The  long  oval  red  corpuscle  moves  with 
its  long  axis  parallel  to  the  stream,  frequently  rotating  on  its  long 
axis  and  sometimes  on  its  short  axis.  The  flexibility  and  elas- 
ticity of  a  corpuscle  are  well  seen  when  it  is  being  driven  into  a 
aipillary  narrower  than  itself,  or  when  it  becomes  temporarily 
lodged  at  the  angle  between  two  diverging  channels.  The  small 
mammalian  corpuscles  rotate  largely  as  they  are  driven  along. 

In  the  larger  capillaries,  and  especially  in  the  small  arteries 
and  veins  which  permit  the  passage  of  several  corpuscles  abreast, 
it  is  observed  that  the  red  coi^iuscles  run  in  the  middle  of  the 
channel,  forming  a  coloured  core,  between  which  and  the  sides  of 
the  vessel  all  round  is  a  layer,  containing  no  red  corpuscles.  In 
this  layer,  the  so-called  *  inert  layer/  especially  in  that  of  the 
veins,  are  frequently  seen  white  corpuscles,  sometimes  clinging  to 
the  sides  of  the  vessel,  sometimes  rolling  slowly  along,  and  in 
general  moving  irregularly,  and  often  in  jerks.  This  division  into 
an  inert  layer  and  an  axial  stream  is  due  to  the  fact  that  in  any 
stream  passing  through  a  closed  channel  the  friction  is  greatest 
at  the  immediate  sides,  and  diminishes  towards  the  axis.  The 
corpuscles  pass  where  the  friction  is  least,  in  the  axis.  A  quite 
similar  atrial  core  is  seen  when  any  fine  particles  are  driven  in  a 
stream  of  fluid  through  a  narrow  tube.  The  phenomena  cease 
with  the  flow  of  the  fluid.     The  presence  of  the  while  corpuscles 
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in  the  inert  layer  is  said  to  be  due  to  their  being  specifically  lighter 
tliJii  the  red  corpuscles,  VVhen  fine  particles  of  two  kinds,  one 
r  than  the  other,  are  driven  through  a  narrow  tube,  the 
i^^„.:er  particles  flow  in  the  axis  and  the  lighter  in  the  more 
peripheral  portions  of  the  stream.  The  white  corpuscles  however 
nre  disttncily  more  adhesive  Hian  the  red,  as  is  seen  by  the 
niannes^  in  which  they  become  fixed  to  the  glass  slide  and  cover- 
slip  when  a  drop  of  blood  is  mounted  for  microscopical  examina- 
tion ;  and  by  reason  of  this  adhesiveness  they  may  become 
temporarily  attached  to  the  walls  of  the  vessel,  and  conse([uentiy 
aj.pear  in  the  inert  layer.  The  resistance  to  the  flow  of  blootl 
thus  caused  by  the  friction  generated  in  so  many  minute  passages, 
is  one  of  the  most  important  physical  facts  in  the  capillary  cir- 
lation.  In  the  large  arteries  the  friction  is  small ;  it  increases 
thry  divide,  and  receives  a  very  great  addition  in  the  minute 
tid  capillaries.  It  need  perhaps  hardly  be  said  that  this 
.1  friction  not  only  opposes  the  flow  of  blood  through  ihe 
CApiiiaries  themselves,  but,  working  backwards  along  the  whule  ar- 
terial system,  has  to  be  met  by  the  heart  at  each  systole  of  the 
rentriclc* 

a.     27u  Flout  in  the  Arieriis, 

When    an    artery   is   severed,    the   flow   from   the    proximal 

section  is  not  equable,  but  comes  in  jets,  which  correspon<l  to  the 

heart-beats,  though   the  flow   docs  not   cease  between   the  jets. 

The    blood   is   ejected   with   considerable    force ;    thus,   in    Dr. 

Sccphen  Hales'"  experiments,  when  the  crural  artery  of  a  mare 

«rn5i  severed,  the  jet,  even  after  much  loss  of  blood,  rose  lo  the 

t  of  two  feet.     The  larger  the  artery  and  the  nearer  to  the 

.  the  greater  the  force  with  which  the  blood  issues,  and  the 

marked  the  intermutence  of  the  flow.     The  flow  from  the 

;   section  may  be  very  slight,  or  may  take  pUce  with  con- 

I      force    ar»d    marked    inierroittence,    according    to  the 

ni  "f  coilaieral  communication. 

Arterial  pressure.  If,  while  the  blood  is  flowing  normally 
alnng  a  large  artery;  e,g,  the  carotid,  a  mercury  (or  other)  mano- 
meter, Fig.  23,  be  connected  with  a  hole  in  tlie  side  of  the  arlcr)-, 
•o  that  there  is  free  communication  between  the  interior  of  the 
artery  and  the  proximal  (descending)  limb  of  the  manometer,  the 
followiog  facts  are  observed. 

Immediately  that  communication  is  established  between  the 
interior  of  the  artery  and  the  manometer^  blood  rushes  from  Uie 

•  statical  Estap^  VoL  u.  p.  a  (1732). 
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former  into  the  latter,  driving  some  of  the  niercur)*  from  the 
descending  limb  into  the  ascending  limb,  and  thus  causing  the 
Ic^el  of  the  mercury  in  the  ascending  limb  to  rise  rapidly.  This 
rise  is  n^arked  by  jerks  corresponding  with  the  heart-beats. 
Having  reached  a  certain  level,  the  mercury  ceases  to  rise  any 
more.  It  does  not,  however,  remain  absolutely  at,rcst,  but  under- 
goes oscillations  ;  it  keeps  rising  antl  falling.  ICach  rise,  which  is 
very  slight  compared  with  the  total  height  to  which  the  mercury 
has  risen,  has  the  same  rhythm  as  the  systole  of  the  ventricle. 
Similarly,  each  fall  corresponds  with  the  diastole. 

If  a  float,  swimming  on  the  top  of  the  mercury  in  tlie  ascend- 
ing limb  of  the  manometer,  and  bearing  a  brush  ur  other  marker, 
be  brought  to  bear  on  a  travelling  surface,  some  such  tracing  as 
thai   represented   in    Fig.    24  will   be  described.      Each  of   the 


fiG.  B4.    TiACtNG  or  Aktsiiiai.  Pke&svrb  with  a  Mkbcuky  Mamomktwl 

ThiB  mailer  cunre*  /p  are  live  pulse-curye*.     The  spatae  from  r  tortmhtaca  a.  ^estMnlto^r 

undulation. 

smaller  curves  (/>,/)  corresponds  to  a  heart-beat,  the  rise  corre- 
sponding to  the  systole  and  the  fall  to  the  diastole  of  the  ventricle. 
The  larger  undulations  (/*,  r)  in  the  tracing,  which  arc  respiratory 
in  origin,  will  be  discussed  hereafter  This  observadon  teaches 
us  that  the  blood,  as  it  is  passing  along  the  carotid  artery,  is 
capable  of  supporting  a  column  of  mercury  of  a  certain  height 
(measured  by  the  difference  of  level  between  the  mercury  in  the 
descending  limb,  and  that  in  the  ascending  limb,  of  the  mano- 
meter), when  the  mercury  is  placed  in  direct  communication  with 
the  side  of  the  stream  of  blood.  In  other  words,  the  blood,  as  it 
passes  through  the  artery,  exerts  a  lateral  pressure  on  the  sides 
of  the  artery,  equal  to  so  many  millimetres  of  mercury.  In  thb 
lateral  pressure  we  have  further  to  distinguish  between  the  slighter 
oscillations  corresponding  with  the  heart- beats,  and  a  mean  pressure 
above  and  below  which  the  oscillations  range.  A  similar  mean 
pressure  with  similar  oscillations  is  found,  when  any  artery 
the  body  is  examined  in  the  same  way.  In  all  arteries  the 
exerts  a  certain  pressure  on  the  walls  of  the  vessels  which  c< 
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it.  Tills  is  generally  spoken  of  as  arterial  pressure,  and  the 
pressure  in  the  aorta  of  any  animal  is  usually  spoken  of  as  its 
blood^  pressure. 

Dctcription  of  Experiment.  The  cArotid,  or  other  vessel,  is  laid 
hskrCf  cUmped  in  t\vo  places  and  divided  between  the  clamps.  Into 
the  cut  ends  is  inserted  a  htiJiow  T  piece  of  the  same  bore  as  the 
artery,  the  cross  portion  forming  the  continuation  of  the  artery.  The 
vertical  portion  is  connected  by  means  of  a  non-clastic  flextble  tube 
with  the  descending  limb  of  the  manometer.  In  order  to  avoid  loss  of 
blood,  fluid  is  injected  into  the  flexible  lube  until  the  mercury  in  the 
manometer  stands  a  vcrj-  little  below  what  may  be  beforehand  guessed 
at  as  the  probable  mean  pressure.  The  fluid  chosen  is  a  saturated 
solution  of  sodium  carbonate;  with  a  view  to  hinder  the  coagulation  of 
the  blood  in  the  tube.  When  the  clamps  arc  removed  from  the  artery 
the  blood  rushes  through  the  cross  of  the  |—  piece.  Some  passes  into 
the  side  limb  of  the  p  piece  and  continues  to  do  so  until  the  mean 
pressure  is  quite  reached.  Thenceforward  there  is  no  more  escape  ; 
out  the  pressure  continues  in  the  interior  of  the  cross  of  the  H  piece, 
is  transmitted  along  the  connecting  tube  to  the  manometer,  and  the 
mercury  cuntinues  to  stand  at  a  height  indicative  of  the  mean  pressure 
with  oscilLitions  corresponding  to  the  heart's  beats.  Practically  the 
ttse  of  the  \—  piece  is  found  inconvenient.  Accordingly  the  general 
custom  is  to  ligature  tl»c  artery,  to  place  a  clamp  on  the  vessel  on  the 
proxinwJ  side  of  the  ligature,  and  to  introduce  a  straight  cannula, 
Fig.  23,  connected  with  the  manometer,  between  the  ligature  and  the 
clamp.  In  this  case,  on  loosing  the  clamp,  the  whole  column  of  blood 
in  the  artery  is  brought  to  bear  on  the  manometer,  and  the  tracings 
taken  illustrate  the  lateral  pressure  not  of  the  artery  but  of  the  vessel 
(aorta  &c.  as  the  case  may  be)  of  which  it  is  itself  a  branch. 

Tracings  of  the  movements  of  the  column  of  mercury  in  the  mano- 
nuetcr  may  be  taken  cither  on  a  smoked  surface  of  a  revolving  «ryhnder 
(Fig,  l),  or  by  means  ot  a  brush  and  ink  on  a  continuous  roll  of  paper, 
as  in  the  more  complex  kymograph  (Fig.  26). 

In  stich  a  mercury  manometer,  the  inertia  of  the  mercury  obscures 
m.^ny  of  the  ft:tiures  of  the  minor  curves  caused  by  the  heart-beats. 
W^i.  r\  thr  rcfofc  these,  rather  than  variations  in  the  mean  pressure, 
ar  udicd  it  is  advisable  to  have  recourse  to  the  spring  mano- 

m*  „   25),  mtroduced  by  Fick.     In  using  this  instrument,  the 

tube  /,  Fig.  25,  is  connected  with  tbe  tube  £-,  Fig.  25. 

The  average  pressure  of  the  blood  in  the  same  body  is 
greatest  in  the  largest  arteries,  and  diminishes  as  the  arteries  get 
less ;  but  the  fall  is  a  very  gradual  one  until  the  smallest  arteries 
are  reached,  in  which  it  becomes  very  rapid.  In  the  carotid  of 
the  horse,  the  mean  arterial  pressure  varies  from  150  to  200  mni, 
of  mercury ;  of  the  dog  from  100  to  175  ;  of  the  rabbit  fn>m  50  to 
90.     In  the  carutid  of  man  it  probably  aniouais  to  150  or  200- 

9,incr  In  :ill    itiirics  the  blyod  IS  prcsiing  on  the  arterial  walls 
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with  some  consiiierable  force,  all  the  arteries  must  be  in  a  stale  of 
permanent  distension,  so  long  as  blood  is  flowing  through  them 
from  the  heart.  When  the  blood-current  is  cut  off,  as  by  a  ligature, 
this  expansion  or  distension  disappears. 


This 


■S.    Diagram  illdstratihg  Pick's  Spking  MA»oMBTKib 
e^sentJAtly  of  a  hnllow  flAttcnud  ifcrman-iilrcr  IuJmj  n.  curved  m  the  form  of 
rastcTtird  JO  the  sl-.md  jr,  is  connecftil  with 
kCil  CDd  is  atiachctj  a  li^ht  iiprighl  rod  *t 


ma  incnfnpkie  ctrrJe.     The  lower  ojwo  end  S,  firmly  fasrcTXrd  to  the  si-.md  jr,  is  connecftil  with 
m  tube  c,   j^icaTinj;  a  slop-<"ock.     'I'o  ihe   upper  cloi 
Caonrcied  wirh  ilip  wriiinn  lever  f. 

ThmiiFh  the  (uImt  f  live  hrJlow  mn'ej  rprinii;  i*  fiUctl  with  nlcoSol,  omt  iUe  ito-prfTni-V 

rlr-."  •     'I*.-  .1-     1    ^^ —  .....,- '  -  ■•'!  tht  Jincry  bymf*ni.of  fi  n ' fi.-,^;!!..  ri....  ;  ..^ 

ti  '  On  oi*L-niiifj  ihc  sio|>«  ■ 

t^■'  iii'itcd  to  the  fluid  id  ih.. 

e*..ii  in- 1- ,.  ••  •■!   I-..  .  '     ''nd  the  nrnvemcnts  <ii     m- 

ferrcH  by  rf  to  ih*   '  rumtnt  as  i,'cn«jmlly  4cn'  i 

arRUiccmcm  (not  *h'  ■  h  the  f>o\nf  of  tlic  levirt    ■  i 

iiuteftd  nf  .>  Curved  ti'>-        ■  m.      , ^  .,..., cr  ii  cxTcmtly  uvffid  whti^.  ..  ...j^- ,...*> 

iav«£tig:ate  ctowlj*  (h-*  vr*riaiji*Tii»  in  the  lomi  of  the  p«^-^»"*-«iJ'^''.      InofYierio  naeasurt  iJw 
■sioutt  ot  variation,  the  trutriunf  nt  mitft  be  expeximt'ritnlty  graduated. 

Not  only  is  there  a  permanent  expansion  corresponding  to  thej 
mean  pressure,  but  just  as  the  mercury  in  the  manometer  rises 
above  the  level  of  mean  pressure  at  each  systole  of  the  heart,  and 
falls  below  ft  at  each  diastole,  so  at  any  spot  in  the  artery  there  is 
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for  each  hcart-l»tral  a  ternporary  expansion  succeeded  by  a 
icmporary  coniraLtmn,  the  diameter  oJ  rhc  artery  in  its  temporary 
expansions  and  coniracijons  oscillating^  in  correspondence  with  the 
oscillations  of  the  manometer,  beyond  and  within  the  dmmetcr  of 
permanent  expansion.  These  temporary  expansions  constitute 
what  is  called  the  pulse,  and  will  be  discussed  more  fully  hereafter 
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ThK  tlo«fk-worV  machinery  sorae  of  ihc  iletails  of  which  are  wen,  unnon*  th*  P«p«r  fmm 
tb*  f«ll  C.  '*TnVt  II  irri^oilily  orer  the  cylinJ- r  1'    ftfiJ  ^^»•D  win-U  it  up  into  ib*  mil  K 

Twn,  r  ..r ken  are  scr  h  ttKy  rrtor  1 

atsifl  ofi  ■-1*  OTsr  h.  her  ircoHirj 

iiMd«  C3C1  rhc  notch  \inu^  T  in  any  other  i  [ 

nuy  be  desired. 

The  velocity  of  the  flov\^«  When  even  a  small  artery  is 
scvereti  a  consi<1cnble  quantity  of  blood  escapes  from  the 
|troxima1  cut  end  in  a  very  short  space  of  time.  That  is  to  say, 
the  blood  moves  in  the  arteries  from  the  heart  .o  llic  capillaries. 
Willi  a  very  considerable  velocity.  By  various  methods,  this 
velocity  of  the  blood-mrrenl  has  been  measured  at  diftcrent  f  .irts 
irf  the  arterial  system  ;  the  results,  owing  to  imperfeaions  i«  the 
IDCthods  employed,  cannot  be  regartlcii  as  satisfactorily  exact,  liut 
may  be  accepted  as  approximatively  true.  The  velocity  of  the 
arterial  stream  is  greatest  in  the  largest  arteries,  and  diminishes 
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from  the  heart  to  the  capillaries,  part  passu  with  the  increase,  so  to 
speak,  of  the  width  of  the  bed,  i.e.  with  the  increase  of  ihc  united 
sectional  area. 

Methods.  The  Hsemadromoineter  of  Volkraann.  An  artery,  ^^. 
a  caroiid,  is  clamped  in  two  places,  and  divided  between  ihc  clomps. 
Two  cannuLe,  ot  a  bore  as  nearly  equal  as  possible  to  that  of  the 
artery,  or  of  a  kn*jwn  bore,  are  inserted  in  the  two  ends.  The  two 
cannulie  are  connected  by  means  of  two  stop-cocks,  which  work 
togetherj  with  I  he  two  ends  of  a  long  glass  tube,  bent  m  the  shape  of 
a  U,  and  filled  with  water,  or  with  a  coloured  innocuous  fluid.  The 
clamps  on  the  artery  being  released,  a  turn  of  the  stop>cocks  permits 
the  blood  to  enter  the  proximal  end  of  the  long  U  tube,  along  which 
It  courscb,  driving  the  fluid  out  into  the  artery  throuj,di  the  distal  en( 
Attached  lo  the  lube  is  a  graduated  scale,  by  means  o(  which 
velocity  with  which  the  blood  tlows  aiong  tfu  tube  m^iy  be  read  off. 
Even  supposing  the  cannula;  to  be  of  the  same  bore  as  the  artery,  it  is 
evident  thit  the  conditions  of  the  flow  through  the  lube  aie  such  as 
will  only  admit  of  the  result  thus  gained  being  considered  as  an 
approxima.tive  estimation  of  the  real  velocity  m  the  artery  itself. 

The  Rheometer  (Stromuhr)  of  Ludwjg.     This  consists  of  two  glass 
bulbs  A  and  B^  Fig.  27,  communicating  above  with  each  odier  and 


H 
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Fig,  ay,    DtACRAMHATtc  Refekskntation  or  Lodwig's  Stuomukii. 

with  the  common  tube  C  by  which  they  can  be  filled.  Their  lower 
ends  are  fixed  in  the  metal  disc  Z^,  which  can  be  made  to  rotate, 
through  two  right  angles,  round  the  lower  disc  E.  In  the  upper  disc 
are  two  holes  a  and  b  continuous  with  A  and  B  respectively,  and  in 
the  lower  tlisc  are  two  similar  holes  a'  and  b\  similarly  continuous  with 
the  tubes  //and  G,  Hence,  in  the  position  of  the  discs  shewn  in  the 
figure,  the  tube  G  is  continuous  through  the  two  discs  with  the  bulb  A 
and  the  tube  H  with  the  bulb  B,  On  turning  the  disc  D  through  two 
right  angles  the  tiibe  G  becomes  continuous  with  B  instead  oi  A^  and 
the  tube  H  with  A  instead  of  B.  There  is  a  further  arrangement, 
omitted  from  the  figure  for  the  sake  of  simplicity,  by  which  when  the 
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disc  D  is  turned  through  one  instead  of  two  right  angles  from  either 
of  the  above  po^itiuns,  G  becomes  directly  continuous  with  //,  both 
being  completely  shut  off  from  the  bulbs. 

The  ends  of  the  tubes  H  and  G  are  made  to  fit  exactly  into  two 
cannula;  inserted  into  the  two  cut  ends  of  the  artery  about  to  be 
experimented  upon,  and  having  a  bore  as  nearly  equal  as  possible  to 
thai  of  the  artery. 

The  method  of  experimenting  is  as  follows.  The  disc  D,  being 
placed  in  the  intermediate  position,  so  that  a  and  b  are  both  cut  off 
from  tf  and  i/,  the  bulb  A  ii  filled  with  pure  olive  oil  up  to  the  mark 
X.  and  the  bulb  /»,  the  rest  of  A^  and  the  junction  C,  with  defibnnated 
blood  ;  and  C  is  then  clamped.  The  tubes  H  and  G  are  also  idled 
with  dcfibrinated  blood,  and  O  is  inserted  mto  the  cannula  of  the 
central,  //  mto  ihni  of  tlic  peripheral,  end  of  the  artery.  On  rcmyving 
the  clamps  from  the  artery  the  blood  flows  through  G  to  //,  and  so 
back  into  the  artery.  The  observation  now  begins  by  turning  the  disc 
/>  into  the  position  shewn  in  the  figure  ;  the  blood  then  tlows  into  A, 
driving  the  oU  there  contamed  out  before  it  into  the  bulb  i>',  in  the 
direction  of  the  arrow,  the  dctibnnated  blood  previously  present  in  B 
passing  by  h  mto  the  arlen,',  and  so  into  the  system.  At  the  moment 
that  the  IjKkhI  is  seen  to  rise  to  the  mark  x,  the  disc  D  is  with  all 
possible  rapidity  turned  through  two  right  angles  ;  and  thus  the  bulb 
Bt  now  hirgely  tilled  with  oil,  placed  in  communication  with  G.  The 
biood-sirc:iin  now  drives  the  oil  back  into  //,  and  the  new  blood  in  A 
through  //  into  the  artery.  As  soon  as  the  oil  has  wholly  returned  to 
its  original  position,  the  disc  is  again  turned  round,  and  A  once  more 
placed  in  communication  with  6\  and  the  oil  unce  more  driven  from/f 
to  B.  .Vnd  this  is  repeated  several  times,  indeed  generally  until  the 
clotting  uf  the  blood  or  the  admixture  of  the  oil  with  the  blood  puts 
an  end  to  the  experiment.  Thus  the  tlow  of  bloud  is  used  to  fill 
alternately  with  blood  or  oil  the  space  of  the  bulb  A,  vhosc  cavity  as 
far  as  the  mark  x  has  been  exactly  measured  ;  hence  if  the  number  of 
times  in  any  given  time  the  disc  D  has  to  be  turned  round  be  known, 
the  number  of  times  A  has  been  hlled  is  also  kno¥in,  und  thus  the 
quantity  of  blood  which  has  passed  in  that  time  through  the  cmniiU 
connected  with  the  tube  G  is  directly  measured.  For  instance,  sup- 
posing that  the  cjuaniity  held  by  the  bulb  A  when  filled  up  to  the  mark 
jris  5  c.c»  and  supposing  tliat  from  the  moment  ot  aU<»wing  the  fust 
5  C.C,  of  blood  to  begin  to  enter  the  lube  to  the  moment  when  the 
escape  of  the  last  5  c.c.  from  the  artery  into  the  tube  was  complete, 
too  seconds  had  elapsed,  during  which  time  S  c.c.  had  been  received 
10  times  into  the  lube  from  the  artery  (all  but  the  last  5  c.c.  bcitig 
returned  into  the  distal  portion  of  the  artery),  obviously  "5   cc.  of 


from  the  proximal  section  uf  the  arterv  in  oik-  «,ccond, 

hat  the  diameter  of  tlic  cannula  (and  of  the  artery, 

^  ..  .;iic)  were  1  mm.,  with  a  sectioned  area  therefore  of 

mm.,  .m  out  flow  through  the  sectton  of  *5  c,c-  or  500  cmm. 

1(1  would  give  (i*ft),  a  velocity  of  abtiut    159  mnu  in  a 
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The  Hatmntachomeier  of  Vierordt  is  consinicted  on  the  principle 
teisuring  the  velocity  of  the  current  by  observing  the  ajnount  of 
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deviation  undergone  by  a  pendulum,  the  free  end  of  which  hangs 
loosely  in  the  stream.  A  square  or  rcctan^iar  cliamber,  one  side  of 
which  is  of  glass  and  marked  with  a  graduated  scale  in  the  fomi  of  an 
arc  of  a  circle,  i^  connected  by  means  of  two  short  tubes  with  the  two 
cut  ends  of  an  artery ;  the  blood  consequently  flows  from  the  proximal 
(central)  portion  of  the  artcr>'  through  the  chamber  into  the  distal 
portion  ol  tlie  artery.  Within  the  chimiber  and  suspended  from  its 
roof  is  a  short  pendulum,  which  when  the  blood-stream  is  cut  oflffrom 
the  chamber  h.^ngs  motionless  in  a  vertical  position,  but  when  the 
blood  ii  allowed  to  flow  through  the  chamber,  is  driven  by  the  force 
ot  the  current  out  of  its  position  of  rest.  The  pendulum  is  so  placed 
that  a  marker  attached  to  its  free  end  travels  close  to  the  inner  surface 
of  the  glass  side  along  the  arc  of  the  graduated  side.  Hence  the 
amount  of  deviation  from  a  vertical  position  may  easily  be  read  ofiF 
on  the  scale  from  the  outside.  The  g^raduation  of  the  scale  having 
been  carried  out  by  experimenting  with  streams  of  known  velocity,  the 
velocity  can  at  once  be  calculated  from  the  amount  of  deviation. 

An  instrument  based  on  the  same  principle  has  been  invented  by 
Chauveau  and  improved  by  Lortet.  In  this  the  part  which  corresponds 
to  the  pendulum  in  Vierordt's  instrument  h  prolonged  outside 
chamber, and  thus  the  portion  within  the  chamber  is  mafle  to  form 
short  arm  of  a  lever,  the  fulcrum  of  which  is  at  the  point  where 
wail  of  the  chamber  is  traversed  and  tiie  tong  arm  of  which  projects 
outside.  A  somewhat  wide  tube,  the  wall  of  which  is  at  one  point 
composed  of  an  india-rubber  membrane,  is  introduced  between  the 
two  cut  ends  of  an  artery.  A  long  hght  lever  pierces  the  india- 
rubber  membrane.  The  short  expanded  arm  of  this  lever  projecting 
within  the  tube  is  moved  on  its  fulcrum  in  the  india-rubber  ring  by  the 
current  of  blood  passing  through  the  tube,  the  greater  the  velocity  of 
the  current,  the  larger  being  the  excursion  of  the  lever.  The  move- 
ments of  the  short  arm  give  rise  to  corresponding  movements  in  the 
opposite  direction  of  the  long  arm  outside  the  tube,  and  these,  by 
means  of  a  marker  attached  to  the  end  of  the  long  ann,  may  l>c  directly 
inscribed  on  a  recording  surface.  This  instrument  is  very  well  adapted 
for  observing  changes  in  the  velocity  of  the  tlow.  In  determining 
actual  velocities,  for  which  purpose  it  has  to  be  expen'mentally 
graduated,  it  is  not  so  useful. 


In  the  horsct  Volkmann  found  the  velocity  of  the  stream  to  be 
in  the  carotid  artery  about  300  mm.,  in  the  maxillary  artery 
165  mm.,  and  in  the  metatarsal  artery  56  mm.  in  the  second. 
Chauveau  determined  the  velocity  in  the  carotid  of  the  horse  to 
vary  from  520  to  150  mm.  per  sec.  at  each  beat  of  the  heart, 
flowing  at  the  former  rate  during  the  height  of  each  pulse-expan- 
sion»  and  at  the  latter  in  the  interval  between  eacli  two  beats. 
Ludwig  and  Dogiel  found  the  velocity  in  the  dog  and  in  the 
rabbit  to  vary  within  very  wide  limits,  not  only  in  different  arteries, 
but  in  the  same  artery  under  different  circumstances.  Thus  while 
in  the  carotid  of  the  rabbit  it  may  be  said  to  vary  from  100  lo  200 
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inro.  per  sec,  and  in  the  carotid  of  the  dog  from  200  to  500  miit 
per  sec,  both  these  hrails  were  frequently  passed. 


3.     The  Flow  in  the  Veins, 

When  a  vein  is  severed,  the  (low  from  the  distal  cut  end  (/,  a 
'the  end  nearest  the  capillaries)  is  continuous,  the  blood  is  ejected 
with  comparatively  little  force,  and  with  slight  velocity. 

Whiua  a  vein  is  connected  with  a  manometer,  the  lateral  pres* 
sure  Ls  found  to  be  very  small ;  it  is  greater  in  the  veins  farther 
from  the  heart  than  in  those  nearer  the  heart  In  the  immediate 
neighbourhood  of  the  heart  the  pressure  may  (during  the  inspira- 
tory mbvemcnt)  become  negative,  1.^.  when  the  manometer  is 
brought  into  connection  with  the  interior  of  the  vein,  the  mercury 
in  the  distal  limb  falls,  instead  of,  as  in  the  case  of  the  artery^ 
rising. 

In  the  brachial  vein  of  the  sheep  Jacobson  found  the  mean  pressure 
to  be  4  mm.  of  mercury,  in  a  branch  of  the  same  9  mm.  In  the 
crural  it  was  11  "4  mm.  In  the  subclavian  the  mean  pressure  was 
ncj^itivc,  vij.  —  I  mm.,  becoming  —  i  ram.  during  inspiratiors  —  3 
mm.  or  -  5  mm.  during  a  strong  inspiration,  and  changing  to  positive 
during  expiration. 

The  level  of  mercury  in  the  manometer,  except  in  the  case  of 
certain  veins^  subject  to  influences,  which  will  be  discussed  hcre- 
Aftcr,  remains  constant.  The  pulse  oscillations,  so  striking  in  the 
arteries,  are  absent  in  the  veins.  In  the  small  veins  the  velocity 
of  the  current,  measured  in  the  same  way  as  the  arteries,  is  very 
slight  It  increases  in  the  larger  veins,  correspontling  to  the 
dlmiQution  of  the  area  of  *  the  bc*d ' ;  it  is  about  200  mm.  per.  sec* 
ill  the  jugular  vein  of  the  dog. 

Thus  the  ^Q\y  in  the  veins  presents  strong  contrasts  with  that 
in  the  ancries.  In  the  artcricsy  even  in  the  smallest  branches, 
there  is  a  considerable  mean  pressure.  In  the  veins,  even  in  the 
small  veins  where  it  is  largest,  the  mean  pressure  is  very  slight. 
In  other  words,  there  is  always  a  difference  of  p>rcssure  tending  to 
make  the  blood  flow  continuously  from  the  arteries  into  the  veins. 
A  pulse  is  present  in  die  artenes,  but,  with  certain  exceptions, 
absent  in  the  veins.  The  velocity  of  the  stream  of  blood  in  the 
outcries  i*  C5onsiderable ;  in  the  small  veins  it  is  much  less,  bui  it 
tncrezues  in  the  larger  trunks ;  for  iu  both  arteries  and  veins  it 
cor"-'  •"•'^  with  the  area  of  the  bed,  diminishing  in  the  former 
^Iru:  It  to  the  capillaries,  and  increasing  in  the  latter  from 

!|he  i,.i^iiHaria»  to  ihe  hearL 
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Hydraulic  Principles  of  the  Circulation, 

All  the  above  phenomena  are  the  simple  results  of  an  inter- 
mittent force  (like  that  of  the  systole  of  the  ventricle)  working  in 
a  closed  circuit  of  branching  elastic  lubcsi  so  arrangt^d  that  while 
the  individual  tubes  first  diminish  (from  the  heart  to  the  capillanes) 
and  then  increase  (from  the  capillaries  to  the  heart),  the  area  of 
the  bed  first  increases  and  then  diminishes,  the  tubes  togeihcr  thus 
farming  two  cones  placed  base  to  base  at  the  capillaries,  with  their 
apices  converging  to  the  heart.  To  this  it  must  be  added  that  the 
friction  in  the  small  arteries  or  capillaries,  at  the  junction  of  the 
bases  of  the  cones,  offers  a  very  great  resistance  to  the  tlovv  of  the 
blood  through  them.  It  is  this  peripheral  resistance  (in  the 
minute  arteries  and  capillaries,  for  the  resistance  offered  by  the 
friction  in  the  larger  vessels  may,  when  compared  with  this,  be 
practically  neglected),  reacting  through  the  elastic  walls  of  the 
arteries  upon  the  intermittent  force  of  the  heart,  which  gives  the 
circulation  of  the  blood  its  peculiar  features. 

Circumstances    determining  the   character  of   the 

flow.  When  fluid  is  driven  by  an  intermittent  force,  as  by  a 
pump,  through  a  perfectly  rigid  tube  (or  system  of  tubes)^  at  each 
stroke  of  the  pump  there  escapes  from  the  distal  end  of  the 
system  just  as  much  fluid  as  enters  it  at  the  proximal  end.  The 
escape  moreover  takes  place  at  the  same  time  as  the  entrance, 
since  the  time  taken  up  by  the  transmission  of  the  shock  is  so 
small,  that  it  may  be  neglected-  This  result  remains  the  same 
when  any  resistance  to  the  flow  is  introduced  into  the  system. 
The  force  of  the  pump  remaining  the  same,  the  intn>duction  of 
tile  resistance  undoubtedly  lessens  the  cj^uantity  issuing  at  the 
distal  end  at  each  stroke,  but  it  does  so  simply  by  lessening  the 
quantity  entering  at  the  proximal  end  ;  the  income  and  outgo 
remain  equal  to  each  other,  and  occur  at  almost  the  same  time. 
And  what  is  true  of  the  two  ends,  is  also  true  of  any  part  of  the 
course  of  the  system,  so  far,  at  all  events,  as  the  following  propo- 
sition is  concerned,  that  in  a  system  of  rigid  tubes,  either  with 
or  without  an  intercalated  resistance,  the  flow  caused  by  an 
intermittent  force  is>  in  every  part  of  the  tubes,  intermittent 
synchronously  with  that  force. 

In  a  system  of  elastic  tubes  in  which  there  is  little  resistance  to 
the  progress  of  the  fluid,  the  flow  caused  by  an  intermittent  force 
is  also  intermittent.  The  outgo  being  nearly  as  easy  as  the  income^ 
the  elasticity  of  the  walls  of  the  tubes  is  scarcely  at  all  called  into 
play.    These  behave  practically  like  rigid  tubes.    When,  however, 
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sufficient  rcsUiance  is  introduced  into  any  part  of  the  course,  the 
fluids  being  unable  to  pass  by  the  resistance  a.s  rapiilly  as  it  enters 
the  system  from  tlie  pump,  tends  to  accumulate  on  the  proximal 
side  of  the  resistance.  This  it  is  able  to  do  by  expanding  the 
elastic  walls  of  the  tubes.  At  each  stroke  of  the  pump  a  certain 
quantity  of  fluid  enters  the  system  at  the  proximal  end.  Of  this 
only  a  fraction  can  pass  through  the  resistance  during  the  stroke* 
At  the  moment  when  the  stroke  ceases,  the  rest  still  remains  on 
the  proximal  side  of  the  resistance,  the  elastic  tubes  having  ex- 
panded to  receive  it.  During  the  interval  between  this  and  the 
next  stroke,  the  distended  elastic  tubes,  striving  to  return  to  their 
natural  undistended  condition,  press  on  this  extra  quantity  of  fluid 
which  they  contain  and  tend  to  drive  it  past  the  resistance.  Thus 
in  the  rigid  system  (and  in  the  elastic  system  without  resistance) 
there  issues,  from  the  distal  end  of  the  system,  at  each  stroke  just 
much  fluid  as  enters  it  at  the  proximal  end,  while  between  the 
kes  there  is  perfect  quiet  In  the  elastic  system  with  resist- 
ance, on  the  contrary,  the  quantity  \vhich  passes  the  resistance  is 
oiiiy  a  fraction  of  that  which  enters  the  system  from  the  pump, 
Uie  remainder,  or  a  piortion  of  the  rtniainder  continuing  to  pass 
during  the  interval  between  the  strokes.  In  the  former  case,  the 
system  is  no  fuller  at  the  end  of  the  stroke  than  at  the  beginning ; 
in  the  latter  case  there  is  an  accumulation  of  fluid  between  the 
pump  and  the  resistance,  and  a  corresponding  distension  of  that 
part  of  the  sysiem,  at  the  close  of  each  stroke — an  accumulation 
and  distension,  ivowever,  which  go  on  diminishing  until  the  next 
stroke  comes.  The  amount  of  fluid  thus  remaining  after  the 
stroke  will  dejx-nd  on  the  amount  of  resistance  in  relation  to  the 
force  of  the  stroke,  and  on  the  distensibility  of  tlie  tubes ;  and 
the  amount  which  passes  the  resistance  before  the  next  stroke  will 
dcpetid  on  the  degree  of  elastic  reaction  of  wliich  the  tubes  are 
capable.  Thus  if  the  resistance  be  very  considerable  in  relation 
of  the  stroke,  and  the  tubes  very  distensible,  only  a 
fi  of  the  fluid  will  pass  the  resistance,  the  greater  part 
I  between  the  pump  and  the  resistance.  If  the 
Me  great,  the  large  portion  of  this  will  be  passed 
on  through  the  resistance  before  the  next  stroke  comes.  In  other 
words,  the  greater  the  resistance  (in  relation  to  the  force  of  the 
stroke),  and  the  greater  the  elastic  force  brought  into  play,  the  less 
intermittent,  the  more  nearly  continuous,  will  be  the  flow  on  the 
Ut  side  of  the  resistance. 

If  the  first  stroke  be  succeeded  by  a  second  stroke  before  its 
|tiantity  of  fluid  has  all  passed  by  the  resistance,  there  will  be  an 
Kiditiooal  accumulation  of  fluid  on  the  near  side  of  the  resistance. 
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an  additional  distension  of  the  tubes,  an  additional  strain  on  their 
elastic  powers,  and,  in  consequence,  the  flow  between  this  second 
stroke  and  the  third  will  be  even  more  ma.rked  than  that  between 
the  iifst  and  the  second,  though  all  three  strokes  were  of  the  same 
force,  the  addition  being  due  to  the  extra  amount  of  elastic  force 
called  into  play.  In  fact,  it  is  evident  that,  if  there  be  a  sufficient 
store  of  elastic  power  to  fall  back  upon,  by  continually  repealing 
the  strokes  a  state  of  things  will  be  at  last  arrived  at,  in  which  the 
elastic  force,  called  into  play  by  the  continually  increasing  dis- 
tension of  the  tubes  on  the  near  side  of  the  resistance,  will  be 
suflicient  to  drive  through  the  resistance,  ui  the  interval  between 
each  two  strokes,  just  as  much  fluid  as  enters  the  near  end  of  the 
system  at  each  stroke.  In  other  words,  the  elastic  reaction  of  the 
walls  of  the  tubes  wiU  have  converted  the  intermittent  into  a 
continuous  ilow.  The  flow  on  the  far  side  of  the  resistance  is  in 
this  case  not  the  direct  result  of  the  strokes  of  the  pump.  All 
the  force  of  the  pump  is  spent,  first  in  getting  up,  and  afterwards 
in  keeping  up,  the  over-distension  of  the  tubes  on  the  near  side  of 
the  resistance  ;  it  is  the  over-distended  tubes  which  are  the  cause 
of  the  continuous  lloiv,  by  emi»tyiiig  themselves  into  the  far  iide 
of  the  resistance,  at  such  a  rate^  that  they  discharge  through  the 
resi^tiiuce  during  a  stroke  and  in  the  succeeding  interva^l  just  as 
much  as  they  receive  from  the  pump  by  the  stroke  itself. 

This  is  exactly  what  takes  place  in  the  vascular  system.  The 
fiiction  in  the  minute  arteries  and  capillaries  presents  a  consider- 
able resistance  to  the  flow  of  blood  through  them  into  the  small 
veins.  In  consequence  of  this  resistance,  the  force  of  the  heart's 
beat  is  spent  in  maintaining  the  whole  of  the  arterial  system  in  a 
state  of  over-distension,  as  indicated  by  the  arterial  pressure.  The 
over-distended  arterial  system  is,  by  the  agency  of  its  clastic  walls, 
continually  emptying  hself  by  overflowing  through  the  capttlancs 
into  the  venous  system,  overflowing  at  such  a  rate,  that  just  iis 
much  blood  passes  from  the  arteries  to  the  veins  during  each 
systole  and  its  succeeding  diastole  as  enters  the  aorta  at  each 
systole. 

It  cannot  be  too  much  insisted  upon  that  the  whole  arterial 
system  is  oterfiilL  This  is  what  is  meant  by  the  high  arterial 
pressure.  On  the  other  hand,  the  veins  are  much  less  full.  This 
is  shewn  by  the  low  venous  pressure.  The  overfull  arteries  are 
continually  striving  to  pass  their  surplus  m  a  continuous  stream 
through  the  capillaries  into  the  veins,  so  as  to  bring  both  venuus 
and  arterial  pressure  to  the  same  level.  As  continually  the  heart 
by  its  beat  is  keeping  the  arteries  overfull,  and  thus  maintaining 
the  difference  between  the  arterial  and  venous  pressure,  and  diuii 
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preserving  the  steady  capillary  stream.  When  the  heart  ceases  to 
jt>cat,  the  arteries  do  succeed  in  emptying  their  surjjhis  into  the 
veins,  and  when  the  pressure  on  both  sides  of  the  capillaries  is 
[thus  equalized,  the  flow  through  the  capillaries  ceases. 

In  the  facts  just  discussed,  it  makes  no  essential  diflference 
f whether  the  outflow  on  the  far  side  of  the  resistance  he  an  open 
[one,  or  whether,  as  is  the  case  in  the  vascular  system,  the  fluid  be 
riurned  to  the  pump,  provided  only  that  the  resistance  offered 
to  that  return  be  sufficiently  small.  We  shall  see,  in  jq^eaking  of 
the  heart,  that  so  far  from  there  being  any  resistance  to  the  flow  of 
[blood  from  the  great  veins  into  the  auricle,  the  flow  is  favoured  by 
[a  variety  of  circumstances.  We  have  seen  moreover  that,  besides 
le  very  sudden  decrease  in  the  immediate  ncij;hbourhood  of  the 
llariL  s,  there  is  in  passing  along  the  whole  vascular  system  from 
aorta  to  the  vena:  cavae  a  gradual  fall  of  pressure.  A  littk 
msideration  shews  that  this  must  be  the  case*  After  what  lia^ 
:cn  said  it  is  obvious  that  the  movement  of  the  blood  may  be 
»mpared  to  that  of  a  body  of  fluid,  tlriven  by  pressure  from  the 
jtilriclc  through  the  vessels  to  its  outflow  in  the  auricle,  W<rre 
le  pressure  a  continuous  one,  and  were  there  no  capillary  resistance, 
would  be  a  gradual  fall  of  pressure,  from  the  part  farthest 
the  outfall,  \'u,  the  aort;i,  to  the  part  nearest  the  outfall,  vif. 
\t  ven:e  tav«.  The  introduction  of  the  capillary  resistance  and 
its  attendant  phenomena  gives  rise  to  the  feature  of  a  very  sudden 
marked  fall  in  the  capillary  region,  but  leaves  untouched  the 
lual  character  of  the  fall  in  the  rest  of  the  course,  from  the 
to  the  minute  arteries,  and  from  the  tninute  veins  to  the 
rcnm  cavoe. 

To  recapitulate  :  there  are  three  chief  factors  in  the  mechanics 
the  circularion,  (i)  the  force  and  frequency  of  the  heart-beat, 
ic  perijihenaJ  resistance,  (3)  the  elasticity  of  the  arterial  w.alls, 
three  factors,  in  order  to  produce  a  normal  circulation,  must 
in  a  certain  relation  to  each  other.  A  disturbance  of  these 
rTcbiiiins  brings  about  abnormal  conditions.  Thus,  if  the  capillary 
J  be  reduced  beyond  certain  limits,  while  the  force  and 
,.;  y  of  the  heart  remain  the  same,  so  much  blood  passes 
;h  the  capillaries  at  each  stroke  of  the  heart  that  there  is 
lifiricnt  left  behind  to  distend  the  arteries*  and  bring  their 
ity  into  play.  In  this  case  the  intermittencc  of  the  arterial 
is  cor.tinue<l  on  into  the  veins.  An  in-stance  of  this  is  seen  in 
the  experiments  on  the  submaxillary  glantl,  where  sometimes  the 
capillary  resistance  in  the  gland  is  so  much  lowered,  that  the  blood 
10  the  veins  of  tiic  gland  pulsates^  A  Uke  rcsiilt  occurs  when, 
*  Set  ii«A>k  u  cap.  i.  sec.  2,  ou  tjic  Sccictiuo  vf  the  D|g«stive  Ji 
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the  capillary  resistance  remaining  the  same,  the  force  or  frequency 
of  the  hearts  beat  is  lowered.  'I'huii  the  beats  may  be  so  feeble 
that  at  each  stroke  no  more  blood,  or  but  little  more,  enters  the 
arterial  system  than  can  pass  through  the  cai>illanes  before  the 
next  stroke  ;  or  so  infrequent  that  the  whole  quantity  sent  on  by  a 
stroke  has  time  to  eiicai)e  before  the  next  stroke  comes.  If,  while 
the  heart's  beat  and  the  resistance  remain  the  same,  the  elasticity 
of  the  arterial  walls  be  reduced,  the  arteries  will  be  unable  to 
expand  sufficiently  to  retain  the  surplus  of  each  stroke  or  to  exert 
sufticienl  clastic  reaction  to  carry  forward  the  stream  between  the 
strokes;  and  in  consequence  more  or  less  intermittence  will 
become  manifest. 

Marey*  states  that  w^hen  fluid  is  driven  through  two  tubes  of  equal 
cahbre,  one  elastic  and  the  other  ri^id,  with  equal  force  and  like  inter* 
mittence,  the  outflow  through  the  elastic  tube  is  greater  than  ihrougli 
the  ri^^id  lul:>e.  This  he  attributes  to  the  fact  that  in  the  rigid  lube  all 
the  friction  falls  in  the  period  of  the  stroke,  when  the  velocity  of  the 
stream  i^i  greatest,  and  is  therefore  greater  than  in  the  clastic  tube 
where  it  is  distributed  as  well  over  the  interval  bet^veen  the  strokes. 
Under  this  view,  the  arraiigcmcnts  of  the  vascular  system  arc  u&efij], 
not  only  in  causing  the  flow  through  the  capillaries  to  be  conliiiuous, 
and  therefore  best  adapted  for  carrying  on  the  interchange  between 
the  tissues  and  the  blood,  but  also  in  providing  that  the  flow  should  be 
as  large  as  possible. 

Circumstances  determining  the  velocity  of  the  fioTV. 

We  have  seen  that  the  velocity  of  the  blood-stream  diminishes 
from  the  aorta  to  the  capillaries,  and  increases  from  the  capillaries 
to  the  great  veins.  Thus  in  the  dog  the  velocity  in  the  great 
arteries  may  be  slated  at  from  300  to  500  mm.,  in  the  capillaries 
at  less  than  i  mm.  (-5  to  75  mm.),  and  in  the  large  veins  at  aboift 
200  ram.  in  a  sec.  In  fact,  the  greater  part  of  the  time  of  the 
circuit  is  taken  up  in  the  capillary  region.  An  iron  salt,  injected 
into  the  jugular  vein  of  one  side  of  the  neck  of  a  horse,  makes  its 
appearance  in  the  blood  of  the  jugtilar  vein  of  the  other  side  in 
about  50  seconds. 

Hering's  mean  result  in  the  horse  was  27*6  sees.  In  the  dog 
Vicrordt  found  it  to  be  15  2  sees,;  in  the  rabbit  7  sees. 

Without  laying  too  much  stress  on  this  experiment,  it  may  be 
taken  as  a  fair  indication  of  the  time  in  which  the  whole  circuit  may 
be  completed.  It  takes  about  the  same  time  (see  p.  138)  to  pass 
through  about  20  mm.  of  capillaries.  Hence,  if  any  corpuscle  had 
in  its  circuit  to  pass  through  10  mm.  of  capillaries,  half  the  whole 
time  of  its  journey  would  be  spent  in  the  narrow  channels  of  the 

'  Anu,  d.  Si.i.  Nat,  (iv.)  vill.  p.  329. 
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)ilkries.  Since,  liowever,  the  average  length  of  a  capillaiy  is 
)ut  5  mm.,  ahoui  one  second  is  spent  in  ihc  capillnries.  Inas- 
ich  as  the  purposes  served  by  the  blood  are  chiefly  carried  out 
the  capillaries,  it  is  obviously  of  advantage  that  its  stay  in  them 
)uld  be  prolonged. 

Thcpermantrtt  variations  in  the  velocity  of  the  stream  are  directly 

spendent  on  the  area  of  the  *  bed.'     When  a  fluid  is  driven  by  a 

uform  pressure  through  a  narrow  tube  with  an  enlargement  in  the 

middle,  the  velocity  of  the  stream  diminishes  in  the  enlargement. 

It  increases  again  when  the  tube  oncu,'  more  narrows.      So  a  river 

:kens  speed  in  a  broad,  but  rushes  on  rapidly  again  when  the 

close  in.    Exactly  in  the  same  way  the  velocity  of  the  blood- 

^ slackens  from  the  aorta  to  the  capillaries  correspontling  with 

e  jncreai^ed  total  bed,  but  hurries  on  again  as  the  numerous  veins 
gathered  into  the  smaller  bed  of  the  vena?  cava;.  Tne  loss  of 
jlocity  in  the  capillaries,  as  compared  with  the  arteries,  is  not  due 
there  being  so  much  more  friction  in  the  narrow  channels  of  the 
ler  than  in  the  wide  canals  of  the  latter.  For  the  peripheral 
^sistance  caused  by  the  friction  in  the  capillaries  and  small  arteries 
an  obstacle  not  only  to  the  flow  of  blood  through  these  small 
sseb  where  the  resistance  is  actually  generated,  but  also  to  the 
ipe  of  the  blood  from  the  large  into  the  small  arteries,  and 
idced  from  the  heart  imo  the  large  arteries.  It  exerts  its  influence 
long  the  whole  arterial  tract.  And  it  is  obvious  that  if  it  were 
lis  peripheral  resistance  which  checked  the  flow  in  the  capillaries 
icre  could  he  no  recovery  of  velocity  along  the  venous  tract.  The 
ipidity  of  the  flow  in  arteries,  capillaries,  and  veins,  is  in  each 
ise  dcterniin*-d  by  the  total  sectional  area  of  the  channels.  Tlierc 
however,  a  loss  of  velocity  on  the  whole  course.  At  each 
saokc  as  much  blood  enters  the  right  auricle  as  issues  from  the 
left  ventricle  ;  but  the  sectional  area  of  the  venx  cavae  is  greater 
than  thai  of  the  aorta,  so  that  even  if  the  auricle  were  filled  in 
exactly  the  same  time  as  the  ventricle  is  emptied,  the  blood  must 
p.iss  more  rapidly  through  the  narrow  aorta  than  through  the  broad 
ven,c  cavje,  in  order  that  the  same  quantity  of  blood  should  pass 
c^ch  m  the  same  time.  The  diastole  of  the  auricle,  however,  is 
distinctly  longer  than  the  systole  of  the  ventricle ;  the  time  during 
which  the  auricle  is  being  filled  is  greater  than  that  during  which 
the  ventricle  is  being  emptied,  and  hence  the  velocity  of  the  venous 
\w  into  the  auricle  must  be  still  less  than  that  of  the  arterial 
bod  in  the  commencing  aoriDu 

The  temporary  variations  of  the  velocity  of  the  stream  in  any 

channel,  and  these  we  have  already  (p»  147)  seen  to  be  very 

i»iderable  in  the  case  of  the  arteries  at  least,  arc  dei^endent  on 
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a  variety  of  circumstances.  In  a  tube  of  constant  calibre,  the 
velocity  with  which  fluid  flows  from  one  point  to  another,  for 
instance  from  the  point  a  to  the  point  b^  will  be  in  main  dependent 
on  the  difference  between  the  pressures  existing  at  a  and  h.  The 
lower  the  pressure  at  b  as  compared  with  a  the  greater  the  rapidity 
with  which  the  fluid  tiows  from  a  to  b.  And  temporary  variations 
of  pressures  form  undoubtedly  the  main  cause  of  the  temporary 
variations  observable  in  the  velocity  of  the  arterial  flow.  This 
with  each  systole  of  the  ventricle  there  is  an  increase  of  velocity 
in  the  whole  arterial  flow  followed  by  a  diminution  during  the 
diastole.  So  also  if  the  peripheral  resistance  in  the  minute  arteries 
into  which  a  larger  artery  divides  be  suddenly  lowered  (by  the 
action  of  vaso-moior  nerves,  in  a  manner  which  we  shall  presently 
discuss),  without  the  calibre  of  the  iarger  artery  itself  being  changed^ 
the  pressure  on  the  distal  (peripheral)  side  of  the  artery  may  be 
much  diminished,  while  the  pressure  on  the  proximal  (cardiac) 
side  remains  at  first  unaltered ;  and  this  would  necessarily  cause 
an  increase  in  the  rapidity  of  the  stream  through  that  artery.  Bat, 
as  we  shall  see  later  on,  from  the  complications  of  the  vascular 
machinery  such  problems  as  these  become  very  intnrate ;  and 
the  results  of  observations  on  variations  in  arterial  velocity  are 
not  altogether  intelligible.  It  has  been  suggested  that  varying 
conditions  of  the  blood,  by  aflecting  the  amount  of  adhesion 
between  the  blood  and  the  walls  of  the  vessels,  may  be  an 
important  factor  in  detennining  the  variations  in  the  velocity  of 
the  stream*. 


Sec  2.     The  Heart. 
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The  heart  is  a  pump,  the  motive  power  of  which  is  supplit 
by  the  contraction  of  its  muscular  fibres.  Its  action  conseque 
presents  problems  which  are  partly  mechanical,  and  partly  \itaL 
Regarded  as  a  pump,  its  efl'ects  are  determined  by  the  frequency 
of  the  beats,  by  the  force  of  each  beat,  by  the  character  of  each 
beat — whether,  for  instance,  slow  and  lingering,  or  sudden  and 
sharp — and  by  the  quantity  of  fluid  ejected  at  each  beat.  Hence, 
with  a  given  frequency,  force,  and  character  of  beat,  and  a  given 
quantity  ejected  at  each  beat,  the  problems  which  have  !o  be  dealt 
with  are  for  the  most  part  mechanical.  The  vital  problems  are 
chitfly  connected  with  the  causes  which  determine  the  frequency, 
force,  and  character  of  the  beat.  The  quajiiily  ejected  at  each 
beat  is  governed  more  by  the  state  of  the  rest  of  the  body,  than 
by  that  of  the  heart  itself 

■  Ludwig  and  DogicI,  Ludwig's  Arbtittn^  1867.     Cf.  also  Ewaid,  Arthiv/m 
Ana/,  M,  Phyi,,  1877,  p.  2o8. 
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The  P/ummena  of  thi  Normal  Beat. 

The  visible  movements.  When  the  chest  of  a  mammal 
w  opened  and  artificial  respiration  kept  up,  a  complete  beat  of 
the  whole  heart,  or  cardiac  cycle,  may  be  observed  to  take  place 
as  follows. 

The  great  veins,  inferior  and  superior  venae  cavae  and  pul- 
monary veins,  are  sceh,  while  full  of  blood,  to  contract  in  the 
neighbourhood  of  the  heart :  the  contraction  runs  in  a  peristaltic 
wave  towards  the  auricles,  increasing  in  intensity  as  it  goes. 
Arrived  at  the  auricles,  which  are  then  full  of  blood,  the  wave 
suddenly  spreads,  at  a  rate  too  rapid  to  be  fairly  judged  by  the 
eye,  over  the  whole  of  those  organs,  which  accordingly  contract 
with  a  sudden  sharp  systole.  In  the  systole,  the  walls  of  the 
auricles  press  towards  the  auriculo-ventncular  orifices,  and  the 
auncular  appendages  are  drawn  inwards,  becoming  smaller  and 
paler.  During  the  auricuhir  systole,  the  ventricles  may  be  seen  to 
become  more  and  more  lurgid.  Then  follows,  as  it  were  imme- 
diately, the  ventricular  systole,  during  which  the  ventricles  become 
shorter  and  thicker.  Held  between  the  fingers  they  are  felt  to 
become  tense  and  hard.  As  the  systole  progresses,  the  aorta  and 
pulmonary  arteries  are  seen  to  expand  and  elongate,  and  the  heart 
to  twist  slightly  on  its  long  axis,  so  that,  while  the  base  is  fixed  by 
the  great  arteries,  the  apex  moves  from  the  left  and  behind 
towards  the  front  and  right ;  hence  more  of  the  left  ventricle 
becomes  displayed.  As  the  systole  gives  way  to  the  succeeding 
pause  or  diastole,  the  ventricles  flatten  and  elon^^ate,  the  aorta  and 
pulmonary  artery  contract  and  shorten,  the  heart  turns  back 
towards  the  left,  and  thus  the  cycle  is  completed. 

More  exact  observation  shews,  as  regards  the  change  of  form 
of  the  ventricular  portion,  that  this,  during  diastole,  has  somewhat 
the  shape  of  a  flattened  cune,  with  an  ellipse,  having  its  long 
diameter  from  right  to  left,  as  a  base,  but  during  the  systole 
becomes  a  shorter,  more  regular,  cone,  with  a  circle  for  its  base, 
having  Jc&sened  chiefly  in  its  longitudinal  and  right-to-left 
^diameters,  and  slightly  only  in  its  anteroposterior  diameter. 
^Accordmg  to  Kurschner*,  the  circumference  of  the  base  of  the 
ventricle  is  absolutely  increased  during  the  systole ;  a  tape  placed 
round  the  base  becomes  tense  at  the  commencement  of  the 
■yttolev  while  the  cavity  is  still  full  of  blood. 

When  the  diest  is  opened,  the  heart  is  deprived  of  its  natural 
•upports  ;  and  consequently,  under  such  circumstances,  its  change 
of  position  during  the  systole  cannot  be  properly  studied.  For  it 
'  Wagner"!  Handworta^ch,  Art,  Nenihaiigktii, 
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roust  be  remembered  that  the  heart,  closely  covered  by  the  peri 
cardium,  lies  imnieiliately  under  the  sternum  and  ribs,  there  bein| 
between  them  nothing  more  than  a  small  amount  of  tnediastinal 
connective  tissue,  and  rests  on  the  slope  of  tlie  diaphragm  bclow^ 
with  the  lungs  on  either  side.  If,  in  the  unopened  chest  of 
rabbit  or  dog,  three  needles  be  inserted  through  tiie  chest-wall  i 
that  their  points  are  plunged  into  the  substance  of  the  ventricle, 
one  (B)  at  the  base,  close  to  the  auricles,  another  (A)  through  th 
apex*  and  a  third  (M)  at  about  the  middle  of  the  ventricle,  all 
three  needles  will  be  observed  to  move  at  each  beat  of  the  hear^ 
The  head  of  B  will  move  suddenly  upwards,  shewing  that  thi 
point  of  the  needle  plunged  into  the  ventricle  moves  downwards^ 
whereas  A  will  only  quiver,  and  move  neither  distinctly  upward 
nor  downwards.  M  will  move  upwards  (and  therefore  its  poini 
downwards),  but  not  to  the  same  extent  as  B.  The  nearer  to  Bj 
M  is,  the  more  it  moves  :  the  nearer  to  A*  the  less.  Thus,  whiii 
during  the  beat,  the  base  (B)  moves  downwards  as  the  result  Q 
the  contraction  (and  longiludinal  shortening)  of  the  ventricle,  th* 
apex  (A)  does  not  change  its  place,  the  shortening  of  the  ventricl 
itself  being  compensated  by  the  lengthening  of  the  great  arteries 
The  middle  of  die  ventricle  moves  downwartls  more  than  theapei 
but  less  than  the  extreme  base.  After  the'death  of  the  aninoa^ 
the  needles,  if  properly  inserted  at  first,  perpendicular  to  the  chest) 
will  be  found  with  all  their  heads  directed  downwards,  indicadii] 
that  the  whole  ventricle  has  been  drawn  up  by  the  contractioa  fl 
the  empty  aorta  and  ptilmonary  artery. 

Cardiac  Impulse.     If  the  hand  be  placed  on  the  chest,  i 

shock  or  impulse  will  be  felt  at  each  beat,  and  on  examinatioi 
this  mijjulse,  'cardiac  impulse,'  will  be  found  to  be  synchronou; 
with  the  systole  of  the  ventricle.  In  man,  the  cardiac  impalsi 
may  be  most  distinctly  felt  in  the  fifth  ct>stal  interspace^  about  ai 
inch  below  and  a  little  to  the  median  side  ol  the  left  nipple.  Th( 
same  impulse  may  be  felt  in  an  animal  by  making  an  incisioi 
through  the  diaphragm  from  the  abdomen,  and  placing  th^  finge 
between  the  chest-wail  and  the  apex*  It  then  can  be  distinctl 
recognized  as  the  result  of  the  hardening  of  the  ventricle  durin 
the  systole.  And  the  impulse  which  is  felt  on  the  outside  of  th4 
chest  is  the  same  hardening  of  die  stationary  portion  of  tk 
^rentricle  in  contact  with  the  chest  wall,  transmitted  through  thi 
chest-wall  to  the  finger.  In  its  llaccid  state,  during  diastole,  th 
apex  is  (in  a  standing  position  at  least)  here  in  contact  with  th 
chest-wall,  lymg  between  it  and  the  tolerably  resistant  diaphragm 
During  the  systole,  while  occupying,  as  we  have  seen,  the  san« 
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position,  it  suddenly  grows  tense  and  hard.     The  ventricles,  tti 

executing  their  systole,  have  to  contract  against  resistance.     They 

have  to  produce  within  their  cavities,  tensions  greater  than  those 

in   the  aorta  and   pulmonary  art<jries,  respectively.     This  is,   in 

fiacl,  the  object  of  the  systole-     Hence,  during  the  swilt  systole, 

the  ventricular  portion  of  the  heart  becomes  suddenly  tensc^  just 

^as  a  bladticr  full  of  fluid  would   become  tense  and  hard  when 

forcibly  squcezetl     The  sudden  onset  of  this  hardness  gives  an 

impulse  or  shock  both  to  the  chestwall  and  to  the  diaphragm, 

which  may  be  felt  readily  both  on  the  chest-wall,  and  also  through 

the  diaphragm   when  the  abdomen   is   opened,   and    the    finger 

inserted*     If  the  modification  of  the  sphygmograph  (see  section 

on  Pulse)^  called  tlie  cardiograph,  be  placed  on  the  spot  where 

ihe  impulse  is  felt  most  strongly,  the  lever  is  seen  to  be  raised 

during  the  systole   of  the  ventricles,  and  to  fall   again   as    the 

lystole  passes  away,  very  much  as  if  it  were  placed  on  the  heart 

directly.     A  tracing  may  thus  be  obtained  (Fig.  28),  of  which  we 

shall  have  to  speak  more  fully  imraediately.     If  the  button  of  the 

lever  be  placed,  not  on  the  exact  spot  of  the  impulse,  but  at  a 

iUtle  distance  from  it,  the  lever  will  be  depressed  during  the  systole. 

^Wbilc  at  the  spot  of  impulse  itself  the  contact  of  the  venlricte  is 

icreased  during  systole*  away  from  the  spot  the  ventricle  retires 

»m  the  chest- wall  (by  the  diminution  of  its  right-to-left  dian-eter), 

and  hence,  by  the  mediastinal  attachments  of  the  pericardium, 

draws  the  chest-wall  after  it. 

Endo-cardiac  pressure.  In  order  to  study  more  fully  the 
changes  going  on  in  the  heart  during  the  cardiac  cycle,  it  becomes 
necessary  to  know  something  of  what  is  taking  place  in  the 
interior  of  the  cavities  of  the  heart.  Chauveau  and  Marey ',  by 
intrixlucing  into  the  right  auricle  and  ventricle  respectively  of  the 
hor^e.  tlirough  the  jugular  vein,  small  elastic  bags,  each  cf»m- 
municaiing  with  a  recording  tambour,  were  enabled  to  taka 
simultaneous  tracings  of  all  the  changes  of  pressure  occurring  in 
the  two  cavihes.  These  results  are  embodied  in  Fig.  28,  of  which 
upper  curve  represents  the  changes  of  pressure  in  tl;c  auricle, 
middle  curve  the  changes  of  pressure  in  the  ventricle,  and  the 
curve  the  cardingraphic  tracing  of  the  cardiac  impulse.  All 
cunes  were  taken  simultaneously  on  ihc  same  rccordiug 
Vt^rfice. 


Method.    A  tube  of  appropriate  curvature  is  furnished  wl*h  two 

elastic  bags,  one  at  the  extreme  end  and  the  other  at  such  a 

that  when  the  former  is  within  the  cavity  of  the  ventricle  the 

*  Marqr,  C^ttOatmn  dm  Sam](, 
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Fig.  a8.    Tracimu  op  thk  Vauatioitb  op  Prbssubx  >n  the  kicht  AuRtctJi  amo  Vn 
TiiicLK.  AND  or  TUB  Camdtac  Impulse  I M  TUB  HoKSK.    (ArrBA  Mankv.)    To  be: 
Crom  kft  to  right'. 

The  upper  curve  represents  the  variatioa  of  nressuK  within  the  auride.  the  loiddle 
the  varialioD's  of^iressurc  wiihin  the  ventricle  ;  these  two  therefore  illuiStraie  cbnngei 
place  in  the  iDtenor  of  the  heart,     Tlic  lower  curve  represenis  the  variarioiuof  pressun 
initted  to  a  kver  ouuidc  the  chest  and  conitUuting  the  ciirdUc  impuliK:.    A  complete  I 
iqfcle,  bcginaing  at  the  clo»e  of  »he  ventricular  syiiole,  «  cotnprised  between  the  thick 
lines  I   and  1 1,    llxc  thin  vcnicaJ  lines  represent  tenths  of  a  Mjcond.     a.  the  fradual  ■* 
the  auride  and  ycotriclc  ;  i,  the  auricular  »ystole  ;  c,  the  ventricubr  syvtolc  ;  f/.  osril 
pressure,  interpreted  hy  Marey  as  caused  by  vibrations  of  the  auriculo-yeotricidar 
probabljf  marks  the  dosiog-  of  the  semLlunar  volvet. 


latter  is  in  the  cavity  of  the  auricle.  Each  bag  (Fig.  29  A)  coi 
catcs  by  a  separate  air-tight  tube  with  an  air-tight  tambour  (Fig. 
•»n  which  a  lever  rests  so  that  any  pressure  on  either  bag  is  co 
cated  to  the  cavity  of  its  resf>ective  tambour,  the  lever  of  which  is  raisei 
in  proportion.  The  writing  points  of  :ill  three  levers  are  brought  b 
bear  on  the  same  recording  surface  exactly  underneath  each  otbd 
The  tube  is  carefully  introduced  through  the  right  jugular  vein  inti 
the  right  side  of  the  heart  until  the  lower  (ventricular)  bag  is  fairly  i 
the  cavity  of  the  right  ventricle,  and  consequently  the  upper  (auricutal 
bag  in  the  cavity  of  the  right  auri-le*  Changes  of  pressure  in  eithc 
cavity  then  cause  movements  of  the  corresponding  lever.  \\'hen  tb 
pressure  is  increased  for  instance  in  the  auride,  the  auricular  lever  i 
raised  and  describes  on  the  recording  surface  an  ascending   curve 

'  It  must  be  remembered  that  the  curves  in  the  diaoram  are  intended  merd 
to  illustrate  the  variation.^  of  ptcs'-urc  occurring  at  diflercnt  times  in  the 
chamlier,  or  to  shew  what  changes  in  the  one  chctmber  are  coincident  in 
of  time  with  changes  in  the  other.     They  in  no  way  indicate  the 
pressur*  in  the  auride  as  i^jmpared  with  that  in  the  ventricle. 
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jcn  the  pressure  is  taken  off  the  curve  descends ;  and  so  also  with 

ventricle. 

A  complete  cardiac  cycle   is  comprised  between  the  vertical 

ics  1  anti  II,  Fig.  28.     The  recording  surface  was  travelling  at 

:h  a  rate  that  the  intervals  between  any  two  of  the  thin  vertical 

„cs  corresponds  to  one- tenth  of  a  second.     Hence  in  this  case 

iv  whole  cardiac  cycle  occupied  about  |Jths  of  a  second.     Any 

,X)int  in  the  cycle  might  of  course  be  taken  as  its  commencement. 

In  the  figure,  the  cycle  is  supposed  to  begin  shortly  after  the  end 

of  the  ventricular  systole,  and  the  beginning  of  the  diastole. 


ei 


v- 


i 
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Pio.  W9.    Mavsv'j  Ta.u>o(ti.  with  Cahpuc  Soowd. 
A.    A  ttiBtile  CftTidtatc  found  such  u  mav  be  «•«•]  (nr  ejrpknuioii  of  the  left  wm'ri  f* 
IVe  |.i«niaa  a  vf  ilu;  aoipuUa  at  the  cad  is  of  thin  indta^nibtrr  »tretchod  o«r«r  do  -rtpcr. 
«ork  «ilh  metallic  supfwns  ftbovc  *ad  txlcmr.     1  he  iant.  tube  ^  tervei  lo  loipxluc^  i<  ' 

.-^L-,,1     v.^..,   !.    It    w   .lr..r>.4    ».»   ,,.r,Kir,. 

'  iaif«f  "•  L»  coyereJ   in  »n  Air-tinht  maimer  •iih  tf»« 
>:  m   lu  ViliirbU  «ii4che<l  ihe  lever  /  innvm^  on  the 

^-1  iv  r,,r-,n^  .d  (K^  ,  I. .Ml.  ,•;  .11  A.,\  I-  i,  ;i.i  .m  ik* 


On  examining  the  three  curves  we  sec,  at  <2,  a  steady  rise  ol 

llir    auricular,  :tccomp;inied    by  similar   gradual    ascents   of   the 

r  and  also  of  the  cardiograph   lever.     These  may  be 

\\.  d  as  indicating  that  the  blood  is  pouring  from  the  great 
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veins  into  the  auricle,  increasing  the  pressure  there,  and  at  the 
same  time  passing  on  into  the  ventricle,  increasing  also  the 
internal  pressure  there,  a\  and  also  hy  distending  the  ventricle, 
causint;  it  to  press  somewhat  on  the  chest-wall  and  ilnis  to  raise 
the  cardiograph  lever,  a  ,  This  continues  for  about  yji\\\%  of  ft 
second,  and  is  then  followed  by  the  sudden  rise  ol  auricular 
pressure  b  due  to  the  auricular  systole,  followed  by  a  sudden  fatt 
as  the  blood  escapes  into  the  ventricle.  The  sudden  entrance  of 
blood  into  the  ventricle  causes  a  sudden  incre;ise  of  the  pressure 
in  the  ventiicle  as  indicated  by  the  ventricular  lever  b\  and  a 
sudden  increase  in  the  pressure  on  the  chest-wall  b".  The 
auricular  sj'stole  is  followed  immediately  by  the  sudden  strong 
ventricular  systole  ^,  the  pressure  rising  very  abruptly.  Owing  to 
the  presence  of  the  tricuspid  valves,  this  increase  of  pressure  is 
kept  ofT  the  auricle  altogether  ;  but  the  chest- wall,  as  shewn  by  the 
tracing  at  /,  feels  the  sudden  increase  of  the  pressure  of  the 
ventricle  against  it.  The  ventricular  pressure  lasts  for  some  time, 
gratUially  declining,  and  then  suddenly  falls.  This  may  be 
interfjreted  as  indicating  that  the  systole  rapidly  reaches  a 
maximum,  maintains  that  maximum  with  a  slight  decline  only  for 
some  littk  time,  and  then  suddenly  ceases.  The  oscillations 
during  the  maximum,  as  seen  at  d\  and  also  maniftfst  in  the 
auricular  cur^'e,  and  in  the  impulse  curve  at  d"^  are  interpreted  by 
Marcy  as  due  to  vibrations  of  the  tricuspid  valves,  but  their 
causation  is  at  present  by  no  means  clear.  At  the  end  of  the 
ventricular  systole,  the  descent  of  the  lever  is  broken  by  a  slight 
rise  at  /,  visible  also  in  the  auricle  at  e,  and  even  in  the  impulse 
curve  at ^.  This  is  interpreted  by  Marey  as  indicating  the 
closure  of  the  semilunar  valves.  After  this  slight  rise,  the 
ventricular  curve  and  the  impulse  curve  fall  to  their  lowest  points, 
while  the  auricle  is  already  beginning  to  till ;  and  the  cardiac  cycle 
begins  anew. 

Thus  ol  ilie  whole  period  of  a  beat,  the  largest  fraction  is  that, 
of  ilie  diastole,  or  'passive  interval/  ie.  of  the  interval  between 
the  end  of  the  ventricular  and  the  commencement  of  the  auricular 
s)Stole.  The  next  largest  is  that  of  the  ventricular  systole,  and 
the  smallcHi  that  of  the  auricular  systole.  The  duration  of  the 
diastole  is  usually  given  as  f  of  the  whole  period,  that  of  the 
whole  systole  being  |,  of  which  far  the  greatest  part  is  taken  up 
by  the  ventricle  ;  but  in  these  measuremenls  the  systole  is  sup- 
posed to  end  with  the  cessation  of  the  ventricle's  contraction  and 
not  to  include  its  relaxation.  Donders  found  the  ventricular 
systole,  as  determined  by  the  time  elapsing  between  the  com- 
menccinenl  of  the  first  and  of  the  second  sounds,  and  therefore 


;lu(ling    the   rclaxaijon    as    wt-ll    as    the    contraction    of   the 
ilricular  fibres,  to  occupy  on  the  average  "301  to  '337  sec,  or 

40  to  46  px.  of  the  whole  perioii     I^ndois  *  gives  the  following 

measurements,  the  whole  cycle  lasting  1*130  sec 


Mc«a  Dunuijn  >j1  aun-iuUr  *f»uth  lo  bcgifi- 
func  ■-•{  veiiihcular  tyMule    ................. 

If  can  Duraiion  of  ytuinL-ular  c  ntTwrrion 
Mean  riurau^o  ef  nuvinonoiice  ol*'    cumtffto 

litjn .....  ,  ... 

h]  htfinwug  of  tcUxatioa 

tiar  va|ve>.-.. .,..,„. ■07a 

W^  trjsiit«  of  valves  to  be* 

f^iH*»tflfi    \)l      |M>U*«'..-.» ....».»u^«.      *mO 

licaii  t>iiraiju(»  •  f  rcEluuQder  of  cyck. ...«..»  "407 


-^    o«a    ..  ^  J 


'4$t  see.  3=  «y«foIe  «f  the  hettri  by 

lutiAlly  understood. 

ii^   •»     ^  «y*tok  of  vemnclQ  u 
measured  by  LDoDcten. 

'679    „     =  dift'lolc  uf   the  henrt 
us  u&UAlly  uttdcnuxiKl. 
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^™^  The  proportions  however  are  not  fixed,  but  vary  somewhat 
f  Fractically  speaking,  there  is  no  interval  between  the  auricular  ami 
I  venuicuUr  systole,  the  laucr  being  separated  from  the  former  by  a 
I  fraction  of  time  which  is  almost  inapj>reciable. 
^K  Although  the  instrument  of  Chauveau  and  Marey  may  be 
^fttperimcnially  graduated  and  thus  used  to  measure  the  amount  of 
^Bressure  in  the  several  cavities  of  the  heart,  more  exact  results 
^Hfty  be  gained  by  passing  through  the  jugular  vein  into  the  right 
^Ktricle  and  thence  into  the  right  ventricle,  or  through  the  carotid 
^^Ptcry  into  the  left  ventricle,  a  tube  opened  at  the  end  introduced 
into  the  heart  and  connected  at  the  other  end  with  a  manometer. 
Variations  of  pressure  in  the  cardiac  cavities  are  thus  transmuted 
directly  to  the  mereury  column  of  the  manometer  in  the  same 
way  as  those  of  an  artery  when  arterial  pressure  is  measured. 
Further,  by  using  maximum  and  minimum  manometers,  the  maxi- 
iDuni  and  minimum  pressures  of  the  several  cavities'  may  be 
determined  In  this  way  in  the  dog  a  maximum  pressure  has  been 
rved  in  the  left  ventricle  of  about  140  mm,  (mercury),  in  the 
ht  ventricle  of  about  60  mm.,  and  in  the  right  auricle  of  about 
o  mm.  During  the  diastole,  or  rather  immediately  after  the 
systole,  the  pressure  in  the  two  ventricles  and  even  in  the  auricle 
y  become  negative,  i>.  sink  below  the  pressure  of  the  atrao- 
_  here.  In  the  left  ventricle  (of  the  dog)  a  minimum  pressure 
varying  from  —  52  to  —  so  mm.  may  be  reached,  the  minimum 
of'ihc  right  ventricle  being  from  —  17  to  —  16  ram.,  and  of  the 
-luricle  from  —  12  to  —  7  mm.*.  Part  of  this  diminution  of 
^  ijrc  in  the  caidiac  cavities  may  be  due,  as  will  be  explained 
in  a  later  part  of  this  work,  to  the  as[)iration  of  the  thorax  in  the 

*  Ckt,  mtd.  mif.  1S66,  p.  179. 

*  llicie  numbers  are  lo  be  com.idered  merely  as  instances  which  hmve  been 
obaciTniy  mod  not  a$  averages  drawn  from  a  Urge  number  of  cases. 
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respiratory  movemenis.  But  even  when  the  thor^t  is  opened,  and 
artificial  respiration  kept  up,  under  which  circumstances  no  such 
aspiration  takes  place,  the  pressure  in  the  left  ventricle  may  sink 
as  low  as -34  mm,  The  occurrence  of  so  marked  a  negative 
pressure  in  the  ventricular  cavities  shews  that  these  cavities,  but 
especially  the  lett,  exert  a  considerable  suction  power  during 
diastole.  The  heart  in  fact  appears  to  act  not  only  as  a  force- 
pimip  but  also  as  a  suction-pump,  thereby  aiding  to  refill  itself 
with  blood  at  each  stroke;  the  suction  of  the  left  ventricle  besides 
greatly  assisting  the  circulation  through  the  lungs. 

The  result*  |;iven  above  are  those  of  Goltz  ard  Gaulc'.  The 
principle  of  their  maximum  manometer,  Fig.  30,  consists  in  the 
Introduction  into  the  tube  leading  from  the  heart  to  the  mercury  column. 


Pig.  30.  Thk  M^ximtiM  MANOMirrvR  or  Goltz  and  Gaula. 
At  t  ft  connectinn  U  made  with  fhc  Hibc  leading  to  the  heart.  When  the  *<-rtw  <-Ump  k  \\ 
dbsed,  the  valve  r  oimc^  iiitf>  action,  and  the  ini^irum^tit,  in  the  p  intion  i.f  ihc  valve  she^n 
in  the  figure.  \s  a  maxiniuni  mannnicfer,  fiy  reverting  \\it  direction  of  p  it  if  cotirertciinro 
ft  minimum  niannmeter.  When  k  is  opened,  the  vnriadnn^  of  pressure  are  Cvjovered  ^oiw  «. 
•Ad  the  iniirument  then  ftci5  like  an  ordiruiry  man^^metcr. 

of  a  (modified  cup-and-bull)  valve,  openmg,  like  the  aortic  semilunar 
valves,  easily  from  the  heart,  but  cJosing  tirmly  when  tluii  attempts  to 
return  to  the  heart.  By  reversing  the  direction  of  the  valve,  the 
manometer  is  converted  from  a  maximum  into  a  minimum.     When  an 

'  Y9i\Lg^t\  Archiv^  xvii.  (1S7S)  p.  100, 
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nary  manometer  is  connected  with  a  ventricular  cavity,  the  roove- 

enls  of  the  mercury  do  not  follow  exactly  the  rapid  variations  of 

rcssure  of  the  cavity,  and  the  height  of  the  colujiti)  fails  lo  indicate 

h  the  highest  and  the  lowest  pressures.     Hence^  a^  Fick'  observed, 

ipeciuUy  wiih  rapidly  beaung  hearls  the  pressure  m  the  veniricle  may 

wppfiir  to  bi  Uss  than  that  in  the  aorta.     Thus  m  I' >g.  2,1,  when  the 

be  is  slipped  nl  a  from  the  aorla  into  the  left   vcntncle,  and  the 

nometcr  at  the  same  time  converted  from   a  maximum   into  an 

tnar>'  manometer,  the  curve  of  the  ventricular  pressure  fadls  belu«v 


Ftc  Jt^    Cditvk  ow  P«rsso»«  ii*  Aomta   and  Litrr  V»MTirtcL«  or  T«m  Doc,  takwi 
WTTH  Tits  Mamomrtrn  Or  GoLTZ  ANP  GAU(.ii.    (Jo  be  r^d  from  left  to  nght  ) 

BrfSore  4.  >tie  manometer  vt  working'^s  an  ordinary  auioom<rcr  c  <nn«cted  vrith  the  aon«,  and 
tirwi  both  the  hrut-beatx  and   ih«  lespiraiory  curv&i.  i)ie  Utl'cr  «iV 'n|;ly  mAfked. 
il  I  r   t*  outde   iriiLviintim  by  cUmpinic  *  (fia    30).  and   ihe  curve  iNrn 

-le  of  ihe  maximum  aortic  pressure.     At  0  tne  tube  •  (  (Ki*  mnnoitieter  is 
left  veatriclc.  and   nt  the  vtme  lUn*  ryiTwrrrA  inrn  an  nrrlinan,-  m.inrt- 
\  .  the  heart-beatt,  marked  qq  the  refpir.ir  •  r] 

h  '  r  ;ionic  pressure.     But  when  at  r  the  n 

I 'vn  Kcter  trie  prcKure  n»e*  at  each  heart 
in  A%  Ti  g'l.  ani  m  thi*  cate.  probably  oa  aocouM  of  the  heart  beaHn^j  more  strongly. 
itttf  AiitHictiy  higher  than  the  aonk  nuuinitiai. 

It  of  the  aorta.     As  soon  however  as  the  manometer  is  converted, 

at  Cf  into  a  maximum   manometer,  it  becomes  evident  that  the 

imum  pressure  in  the  left  veniricle  is  as  high  (m  the  figure  slightly 

•)  as  that  in  the  aorta.     Golli  and  Gaule  regard  the  negative 

lure  of  drastole  as  due  to  the  elasticity  of  the  ventricular  walls, 

irtue  of  which  these  structures,  pressed  closely  in  contact  during 

ie  latter  part  of  the  systole,  spring  .isunder  with  considerable  energy 

vhen  the  relaxatron  of  the  musiular  fibres  begins  ;  Briicke  however 

•  Ar^u'm  a,  d.  fhysiya^.  L&bcrtUor,  </.  WAntm'jgirr  UtKhukuk^  Lief,  tl- 
r«7i)  p^  tSj. 
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has  grven  another  explanation  of  the  dilation  of  the  ventTicular  cavities, 
see  p.  165,  Marey*  hud  previously,  by  a  gradualion  of  the  inslniment 
described  above,  determined  the  pressure  in  the  Imrsc  to  be  in  ihc  Icfl 
ventricle  about  200  inm.,  in  the  right  veatri-lc  only  about  25  mm., 
while  that  of  the  right  auricle  he  estimated  at  not  more  than  2  or  3 
mm.  He  loo  believed  the  pressure  in  both  ventricles  to  become 
negative  after  systole,  especially  in  the  case  of  the  left  side.  Fick* 
had  also  by  introducing  a  tube  in  the  several  cavities  of  the  heart  and 
making  use  of  his  spring  manometer  (sec  Fig,  35,  p.  142)  arrived  at 
results  which  agree  with  those  of  Gultz  and  Gaule  in  so  fir  as  the 
ventricular  cavities  are  concerned.  He  found  in  the  dog  the  pressure 
to  be  in  the  right  ventricle  from  20  to  40  mm.,  in  the  left  ventricle 
about  140  mm.  According  to  him,  however,  the  pressure  in  the 
right  auricle  is  nearly  constant,  varymg  not  more  than  2  mm.  from 
the  base  line  of  atmospheric  pressure,  and  rcm'iining  for  the  most 
part  slighlly  below.  This  Fick  gives  as  a  support  to  the  view  held 
by  him  that  the  proper  function  of  the  auricles  is  to  equajiie  and 
keep  constant  the  pressure  at  the  entrance  of  the  great  veins  into 
ihe  heart. 


71t€  Mechanism  of  tlu   Valves. 


The  auriculo -ventricular  valves  present  no  difficulty.  A 
the  blood  is  being  driven  by  the  auricular  systole  into  the  ventricle, 
a  reflux  current  is  set  up,  by  which  the  blood,  passing  along  the 
sides  of  the  ventricle,  gets  between  them  and  the  flaps  of  the 
valve  (whether  tricuspid  or  mitral).  As  tlie  pressure  of  the 
auricular  systole  diminishes,  the  same  reflux  current  floats  the  flaps 
up,  until  at  the  extreme  end  of  the  systole  they  meet,  and  thus  the 
orifice  is  at  once  and  firmly  closed,  at  the  very  beginning  of  the 
ventricular  beat.  The  increasing  intraventricular  pressure  ser\cs 
only  to  render  the  valve  more  and  more  tense,  and  in  consequence 
more  secure,  the  chordae  tendinea;  and  the  contraction  of  the 
papillary  muscles  (simultaneous  with  that  of  the  rest  of  the  ven- 
tricular walls)  preventing  the  valve  from  being  inverted  into  the 
auricle,  and  indeed  keeping  the  valvular  sheet  convex  to  the 
ventricular  cavity,  by  which  means  the  complete  emptying  of  the 
ventricle  is  more  fully  eflected.  Since  the  same  papillary  muscle 
IS  in  many  cases  connected  by  chordai  with  the  adjacent  edges  of 
two  flaps,  its  contraction  also  serves  to  keep  these  flaps  in  more 
complete  apposition.  Moreover  the  extreme  borders  of  the  valves, 
outside  tfie  attachments  of  the  chorda?,  are  excessively  thin,  so 
that  when  the  valve  is  closed,  these  thin  portions  are  pressed  flat 
together  back  to  back  ;  hence  while  the  tougher  central  pans  ol 
the  valves  bear  the  force  of  the  ventricular  systole,  the  opposed 
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liw  membranous  edges,  pressed  together  by  the   blood,  more 
>mplctely  secure  the  closure  of  the  orifice. 

The  semilunar  valves  are,  during  the  ventricular  systole, 

:sscd  outwardi  towards  the  arterial  walls,   and  thus  offer  no 

obstacle  to  the  escape  of  blood  from  the  cavities  of  the  ventricles. 

.s  the  ventricular  systok  diminishes,  a  reflux  current  partially  fills 

ihc  pockets,  and  tends  to  carry  their  free  margins  lowvirds  the 

liddle  of  the  tube.     Upon  the  sudden  close  of  the  systole,  the 

lasiic  rebound  of  the  arterial  walls  causes  a  sudden  current  back- 

rards,  whith^  filling  and  distending  the  pockets,  causes  their  free 

largins  10  come  into  complete  and  firm  contact,  and  thus  entirely 

llockn  the  way.     The  corpora  Arantii  meet  in  the  centre,  and  the 

lin  membranous  festoons  or  lumdse  are  brought -into  exact  ap* 

iition.     As  in  the  tricuspid  valves,  so  here,  while  the  pressure 

the  blood  is  borne  by  the  tougher  bodies  of  the  several  valves, 

each  two  thin  adjacent  lunuloe,   pressed  together  by  the  blood 

acting  on  both  sides  of  them,  are  kept  in  complete  contact,  without 

any  strain  bKring  put  upon  them  ;  in  this  way  the  orifice  is  closed 

a  most  efficient  manner. 

An  ingenious  view  has  been  put  forward  by  Brucke '  concerning 

the  action  of  the  semilunar  valves.     He  maintains  that  during  ihe  vcn- 

icular  systole,  ihe  flaps  are  pressed  back  flat  against  the  arterial  walls, 

id  in  the  case  of  the  aorta  completely  cover  up  the  orifices  of  the 

nonary  arteries  ;  hence  the  flow  of  blood  from  the  aorta  into  the 

foniry  arteries  can  take  place  only  during  the  ventricular  diastole  or 

ihc  very  beginning  of  the  systole,  and  not  at  all  during  the  systole 

If.     The  object  of  this,  he  argues,  is  twofold.     In  the  first  place,  the 

lu^tilar  tissue  of  the  ventricle  is  not  burdened  with  blood  at  the 

komcnt  that  it  is  undergoing  contraction,  but  receives  its  nutritive 

rpply  during  the  phase  of  relaxation ;  hence  the  whole  force  ot  the 

mtnctiori  of  the  vcniricubr  fibres  is  spent  on  the  contents  of  the 

ivity,  and  none  is  wnsicd  in  compression  of  the  inlra-muscular  blood- 

rssels.     In  the  second  place,  the  effect  of  the  flow,  at  the  close  of 

ic  *ystok%  into  the  previously  emptied  coronary  arteries,  is  to  unfold, 

to  3.peak,  the  collapsed  cavities  of  the  ventricles  very  much  in  the 

ime  w.iy  as  the  collapsed  cavity  of  a  double-walled  ball  may  be  rcin- 

itcd  by  the  forcible  injection  of  fluid  into  the  space  between  the  two 

ills.     Through  this  particular  behaviour  of  the  valves,  in  fact,  the 

t,  i»s  an  after-effccl  of  the  systole,  dilates  its  own  ventricles  ;  hence 

the    mechanism    has    been    called    by    Briicke    a    *  self-regulating 

mechanism.* 

EruvVe's  view  has  however  been  much  disputed.  In  the  first  place, 
know  that  the  flow  of  blood  from  an  ordiniiry  skeletal  muscle, 
igh  it  may  suner  a  brief  initial  check  (probably  from  compression 

•  U^iftt,  Sitt.'Btrtthfr,  1854  ;  and  Dfr  Virxhlmss  d,  K'r^tms<Aia^aiitm. 
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of  the  larger  veins),  is  increased  and  not  diminished  by  a  tetanic  C04i- 
traction  of  the  muscle,  the  increase  being  visible  while  the  contraction 
is  still  at  its  height ',  Corresponding  to  this  last  increased  How  from 
the  veins  there  mu^t  be  an  increased  flow  into  the  arteries,  And  in 
certain  dispositions  of  the  Wood-vessels  and  muscular  fibres  (as  when 
a  vessel  is  surrounded  by  fibres  running  lengthways  parallel  to  itself), 
ihe  increiised  thickening  of  the  fibres  will  tend  not  to  compress  but  to 
dilate  the  ve^^sel.  The  advantage  to  the  muscular  tissue  therefore  of 
the  closure  of  the  coronary  arteries  seems  at  least  doubtful.  In  the 
second  place^  it  has  been  urged  that,  in  point  of  fact,  the  mouths  of  ilic 
coronary  arteries  are  not  covered  by  the  valves,  Briiekc  replies  thai 
they  may  a'ppear  uncovered  during  dissection  after  death,  but  are 
actually  covered  during  life.  He  moreover  brings  forward  an  experi- 
ment on  a  pig's  heart  removed  from  the  body,  in  which  a  stream  of 
water  sent  through  the  pulmonary  veins  and  auricle  into  the  left  ven- 
tricle issues  through  the  open  aorta,  without  a  drop  of  it  appearing  at 
the  cut  end  of  an  upen  coronary  artery,  if  the  aorta  be  maintained  in  a 
proper  position,  and  all  vibration  and  jar  be  avoided  ;  and  argues  that 
it  is  the  closure  of  the  orifices  by  the  valves  which  prevents  the  flow, 
because  any  shake  sufficient  to  develope  a  backward  current  in  the 
aorta,  and  thus  to  lift  up  the  valves,  at  once  gives  rise  to  a  flow.  If 
however,  as  has  been  stated,  the  experiment  will  succeed  equally  well 
in  the  absence  of  the  valves,  and  will  not  succeed  if  the  free  exit  of  fluid 
from  the  end  of  the  aorta  be  hindered  though  the  valves  be  intact,  the 
absence  of  a  flow  through  the  coronary  artery  mtist  be  due  to  a  defi- 
ciency of  pressure  in  the  aorta  and  not  to  any  action  of  the  valves. 
The  undoubted  fact  that  blood  fl^ows  from  a  wounded  coronary  artery 
in  jerks  corresponding  to  the  systole  and  not  to  the  diastole,  Briicke 
meets  with  the  observation  that  the  coronary  arteries  must  share  just 
previous  to  the  closure  of  the  valves  in  that  increased  pressure  in  the 
aorta  which  is  the  cause  of  the  closure  of  the  valves,  and  that  the 
higher  pressure  thus  gained  at  the  beginning  of  the  systole  is  mam- 
tained  during  the  systole  by  the  obstruction  to  the  outward  flow  arismg 
from  the  contracting  fibres  cumpre^ising  the  small  vessels;  while  the 
empty  condition  of  the  small  branches  of  the  coronary  arteries  and  of 
the  veins  at  the  commencement  of  the  diastole,  must  diminish  the  pres- 
sure in  the  main  coronary  arteries  themselves  during  diastole,  and  so 
prevent  a  diastolic  spurt  from  a  wound  in  them.  Ihis  however  is 
hardly  satisfactor)-,  since  as  regnrds  the  systole,  as  has  been  urged 
above,  an  obstruction  of  the  flow  from  compression  by  the  muscular  fibits 
is  at  least  doubtful  ,and  as  regards  the  diastole  the  supposed  empty 
condition  of  the  coronary  vessels  can  produce  an  efl'cct  only  at  the  very 
beginning  of  the  diastole.  On  the  other  hand,  Ceradini ',  who  observed 
the  condition  of  the  valves  in  an  excised  he;:rt  by  looking  down 
through  a  ^idc  glass  tube  inserted  into  the  aorta,  is  of  opinion  that 
during  the  systole  the  valves  are  not  applied  clo^c  to  the  arterial  wall, 
but  float  in  an  intermediate  position  of  equilibrium,  maintained  by 
reflux  currentSi  their   orifiee  taking  on  the  form  of  an   equilateral 

'  Gaskell,  Lurlwig's  Arbritei,  1S76  ;  and  Jtmrn.  Anat.  and  Pkyt,  XI.  360. 
•  Dtr  Mfckaniimu-  Ur  haibmondfsrmigen  Herzklapptn,     Leipcig,  1872. 
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triangle  with  curved  sides.  The  same  reflux  currents  jjradually  (but  of 
course  rapidly)  close  the  orifice  as  the  force  of  the  systo'e  diminishes, 
nrvd  the  effect  of  the  ebstic  rebound  is  simply  to  render  the  closure  tense 
and  firm.  Thus,  argues  Ceradini,  no  regurgitation  of  fluid  from  the 
aorU  into  the  ventricle  at  the  end  of  the  systole  and  the  beginning  of 
the 'diastole  is  possible,  and  a  hurtful  waste,  which  on  Brucke's 
hypothesis  seems  unavoidable,  is  averted. 

The  passage  of  the  blood  through  the  heart  takes 
place  as  follows.  The  right  auricle  during  its  diastole,  by  the 
relaxation  of  its  muscular  fibres,  and  by  the  fact  that  all  pressure 
fix>m  the  %'entricle  is  removed  by  the  tension  of  the  tricuspid 
valves,  offers  but  little  resistance  to  the  ingress  of  blood  from  the 
veins.  On  the  other  hand,  the  blood  in  the  trunks,  both  superior 
and  inferior  vena  cava,  is  under  a  certain  though  low  pressure, 
augmented  in  the  case  of  the  superior  vena  cava  by  gravity,  and 
in  consequence  flows  into  the  empty  auricle.  At  each  inspiration, 
this  flow  is  favoured  by  the  negative  pressure  in  the  heart  and 
great  vessels  caused  by  the  respiratory  movements.  Before  this 
has  gone  on  very  long,  the  diastole  of  the  ventricle  begins,  its 
cavity  suddenly  dilates,  the  pressure  in  that  cavity  becomes 
negative,  drawing  the  blood  into  it,  the  flaps  of  the  tricuspid  valve 
fell  back,  and  blood  for  some  little  time  flows  in  an  unbroken 
stream  from  the  venie  cavse  into  the  ventricle.  In  a  short  time, 
however,  before  much  blood  has  had  time  to  enter  the  ventricle, 
the  auricle  is  full,  and  forthwith  its  sharp  sudden  systole  takes 
place.  Partly  by  reason  of  the  onward  pressure  in  the  veins, 
which  increases  rapidly  from  the  heart  towards  the  capillaries, 
partly  from  the  presence  of  valves  in  the  venous  trunks  and  at  the 
mouth  of  the  inferior  uena  cava,  but  still  more  from  the  fact  that 
the  systole  begins  at  the  great  veins  themselves  and  spreads  thence 
over  the  auricle,  the  force  of  the  auricular  contraction  is  spent  in 
driving  the  blood,  not  back  into  the  veins,  but  into  the  ventricle, 
where  the  pressure  is  still  exceedingly  low. 

Whether  there  is  any  backward  flow  at  all  into  the  veins,  or  even 
an  interruption  to  the  forward  flow,  or  whether  by  the  progressive 
character  of  the  systole  the  flow  of  blood  contmue^,  so  to  speuk,  to 
follow  up  the  systole  without  break  so  that  the  stream  from  the  vetns 
into  the  auncic  i*  really  continuous,  is  at  present  doubtful ;  though  a 
ight  positive  wave  of  pressure  synchronous  with  the  aurtcuLir  systole, 
'  ickward  along  the  veins,  has  been  observed  at  Jca^t  in 
the  heart  is  bciitmg  vigorously.  The  qiicsiion  of  a 
ii^\:  h^uituA  puUe,  i^,  the  transmission  backwards  of  ihc  negative 
prcsaure  of  the  rtght  cardiac  cavities,  will  be  considered  later  on. 

The  ventricle  thus  being  filleil,  the  |jlay  of  the  tricuspid  v 
d«ficnbcd  above  comes  into  action,  the  auricular  systole  is  foil 
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by  that  of  the  ventricle,  and  the  pressure  within  the  ventricle,  cut 
off  from  the  auricle  by  the  tricuspid  valves,  is  brought  to  bear 
entirely  on  the  co/tus  arkriosus  and  the  pulmonary  serailunAr 
valves.  As  soon  as  by  the  rapidly  increasing  force  of  the  ven- 
tricular contraction,  the  pressure  within  the  ventricle  becomes 
greater  than  that  in  the  ptilmonary  artery,  the  semilunar  valves 
open,  and  the  still  increasing  systole  discharges  the  contents  of  the 
ventricle  into  that  vessel.  But  as  the  systole  passes  off,  the 
pressure  in  the  artery  becomes  greater  than  that  in  the  cavity  of 
the  ventricle,  and  a  rebound  of  the  blood  takes  place.  The  first 
act  of  this  rebound  however  is,  as  we  have  seen,  firmly  to  close 
the  semilunar  valves,  and  thus  to  shut  off  the  over-distended 
artery  from  the  now  empty,  or  nearly  empty,  ventricle. 

During  the  whole  of  this  time  the  left  side  has  with  still 
greater  energy  been  executing  the  same  manoeuvTe.  At  the  same 
time  that  the  venae  cava:  are  tilling  the  right  auricle,  the  pulmonary 
veins  are  filling  the  left  auricle.  At  the  same  time  that  the  right 
auricle  is  contracting,  the  left  auricle  is  contracting  too.  The 
systole  of  the  left  ventricle  is  synchronous  with  that  of  the  right 
ventricle,  but  executed  with  greater  force  ;  and  the  flow  of  blood 
is  guided  on  the  left  side  by  the  mitral  and  aortic  valves  in  the 
same  way  that  it  is  on  the  right  by  the  tricuspid  valves  and  those 
oi  the  pulmonary  artery. 

The  Sounds  of  the  Heart. 

^Vhen  the  ear  is  applied  to  the  chest,  either  directly  or  by 
means  of  a  stethoscope,  two  sounds  are  heard,  the  first  a  com- 
paratively long  dull  booming  sound,  the*  second  a  short  sharp 
sudden  one.  Between  the  first  and  second  sounds,  the  interval  of 
time  is  very  short,  too  short  to  be  measurable,  but  between  the 
second  and  the  succeeding  first  sound  there  is  a  distinct  pause. 
The  sounds  have  been  likened  to  the  pronunciation  of  the  syllables 
lubb,  diip,  so  that  the  cardiac  cycle,  as  far  as  the  sounds  are 
concerned,  might  be  represented  by:— lubb,  dQp,  pause.  The 
relative  duration  of  the  sounds,  and  of  the  pause,  as  well  as  their 
relations  in  point  of  time  to  the  changes  taking  place  in  the  heart, 
are  shewn  in  the  following  diagram.     Fig.  32. 

The  second  short  sharp  sound  presents  no  difficulties,  ll 
is  coincident  in  point  of  time  with  the  closure  of  the  semilunar 
valves,  and  is  heard  to  the  best  advantage  over  the  second  right 
costal  cartilage  close  to  its  junction  with  the  sternum,  i,e,  at  tlie 
point  where  the  aortic  arch  comes  nearest  to  the  surface.  Its 
characters  are  such  as  would  belong  to  a  sound  generated  by  the 


^sudden  tension  of  valves  like  the  semilunar  valves.  It  is  obscured 
and  alicrtd,  replaced  by  Mi^urmurs  *  when  the  semilunar  v:dves 
arc  aflecicd  by  disease,  the  ulteialion  being  most  manifest  t*^  the 
■  trjir  at  the  aUive-mentioned  s|iot  when  the  aortic  v:dveR  are 
Iftffrcicd.     When  the  aortic  valves  are  hooked  up  by  mea?^*  ot  a 


FiC,  )•.      DlAf:KAltMATIC  RtCktctMTATlON    Oir  THU  MoVSJiKifT*  AKD  Sotn*^  09  TMI 

liiCAWT  liuwixa  A  Cakdiac  Pbkiou.    (Arrmti  I/h.  Shajipbv.) 

Tlic  9«nirictiUf  <y»tole,  which  il  here  used  to  denote  ihe  action  of  the  vcntiicV  up  to  th« 
of  »Ne  wmitunAr  v«t>e4.  i*  represented  *»  occupying  abc/ui  45  p.c.»  nod  the  two  wuindl 
**  ralh^rr  more  titan  htiir,  of  the  whole  penod :   but  the  diaBTam  u  miended  10  *htrwt 
the  gcnenl    rciaiMiiu  of    (he    vmnou*   rvettia,  and  nut  10   Krvc   tu  a  mcAitt  of 


wire  introduced  down  the  arteries,  the  second  sound  is  obliterated 
and  rcplacetl  by  a  murmur.  These  facts  prove  that  the  second 
found  is  due  to  the  sudden  tcusion  of  the  aortic  (and  puhnonary) 
semilunar  valves. 

The  first  sound,  longer,  duller,  and  of  a  more  'booming'  char- 
acter than  the  second,  heard  with  greatest  dii,t\nctness  at  the  spot 
wht:rc  the  cardiac  impulse  is  felt»  presents  many  difficuhies  in  the  way 
>{  a  complete  explanation.     It  is  heard  distinctly  when  ihc  the&l- 
ralls  arc  removed.     The  cardiac  impulse  therefore  can  have  little 
^©r  nothmg  to  do  with  it.      In  point  of  time,  and  in  the  position  in 
rhich  it  may  be  heard  to  tlie  greatest  advantage  (at  the  spot  of  the 
liac  impulse  where  the  ventricles  come  nearest  to  the  surface), 
corresponds  to  the  closure  of  the  auriculo-vcntrimlar  valves, 
point  of  character  it  is  not  such  a  sound  as  one  would  cjcpcct 
the  vibration  of  membranous  structures,  but  has,  od  the 
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contrary,  many  of  the  characters  of  a  muscular  sound.  In  favour 
of  its  being  a  valvular  sound,  may  be  urged  the  fact  that  it  is 
obscured,  altered,  replaced  by  murmurs,  when  the  iiicuspid  or 
mitral  valves  are  diseased ;  and  Haltbrd  '  found  that  clamping  the 
great  veins  stopped  the  sound  though  the  beat  continued.  On  the 
other  hand,  Ludwig  and  Dogiel  *  heard  the  sound  distinctly  in  a 
bloodless  dog^'s  heart,  in  which  there  was  no  fluid  to  render  the 
valves  tense  and  set  them  vibrating-  But  there  is  a  great  difficulty 
in  regarding  it  as  a  muscular  sound,  for  a  muscular  sound  is  the 
result  of  a  tetanic  contraction,  the  height  of  the  note  produced 
var}'ing  with  the  number  per  second  of  the  simple  contractions 
which  go  to  make  up  the  tetanus.  A  simple  contraction  or 
spasm  cannot  possibly  produce  a  musical  sound,  such  as  is  the 
cardiac  sound  The  beat  of  the  heart  is  a  comparatively  slow  long- 
continued  single  spasm,  and  not  a  tetanic  contraction.  In  its  long 
latent  period,  and  in  all  its  characters,  the  heart's  beat  bears  the 
stamp  of  being  a  single  spasm.  If  so  it  cannot  give  rise  to  a  note ; 
and  the  attempt  to  solve  the  difficulty  by  supposing  that,  though 
the  contraction  of  each  cardiac  fibre  is  simple,  there  is  a  sequence 
of  these  simple  contractions  over  the  whole  heart  in  consequence 
of  the  several  fibres  not  contracting  at  the  same  time,  and 
that  this  sequence  generates  the  sound,  does  not  appear  very 
satisfactory. 

When  the  nerve  of  the  rheoscopic  muscle-nerve  preparation  (p.  66) 
is  placed  over  the  heart,  each  beat  of  the  heart  (ventricle  or  auricle) 
is  fallowed  by  a  single  spasm,,  not  by  tetanus,  of  the  rheoscopic 
muscle.  By  properly  disposing  the  nerve  of  the  preparation  a  con- 
traction corresponding  to  the  systole  of  the  auricle  followed  rapidly  by 
a  second  correspontiing  to  the  systole  of  the  ventricle  maybe  obtaineay 
but  in  each  case  the  contraction  in  the  leg  is  simple  and  not  tetanic 
This  result  is  con^-iistenc  with  the  view  diat  the  systole  is  a  simple 
spasm,  but  cannot  be  regarded  as  a  proof  that  it  is  such.  For  it  is 
not  every  tetanus  in  a  niuscle  which  will  give  a  secondary  tetanus  in 
the  rheoscopic  muscle.  When  the  tetanus  in  a  muscle  is  induced  by 
the  ordinary  interrupted  current  applied  directly  to  the  nerve  of  the 
muscle,  the  tetanus  in  the  rheoscopic  muscle  appears  tvithout  difficulty  ; 
but  where  the  tetanus  is  produced  by  a  constant  current,  the  so-cnlled 
breiking  or  making  tetanus  (p.  79),  the  rheoscopic  muscle  responds  by 
a  single  (initial)  spasm  instead  of  a  tetanus.  The  pronounced  tetanus 
of  strychnia  similarly  gives  rise  to  a  simple  initial  spasm  and  not  to  a 
tetanus  of  the  rheoscopic  muscle,  and  the  same  feature  is  characteristic 
of  the  natural  respiratory  contractions  of  the  diaphragm  and  probably 
of  all  voluntary  contractions.^ 

'  Action  and  Sounds  af  Uie  Heart      Lotidon,  l86a 

•  Lud wig's  Arbeitm^  Jahrg.  186S. 

*  licring  u.  Fricdrich,  Wim.  Sitsungs-Btrkkttt  IXXII.  (1S75). 
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Moreover,  in  cases  of  hyf)ertrophy*  where  the  muscular  element 
and  action  is  increaseti,  the  sound,  so  far  from  being  increased,  is 
impaired.  Hence,  the  first  sound,  whether  it  l)e  regarded  as  the 
result  of  the  vibration  of  the  auriculo-ventricutar  valves,  acted  upon 
by»  and  in  turn  acting  on,  columns  of  blood,  or  as  a  muscular  sound, 
presents  great  difficulties.  No  other  cause,  in  the  least  satisfactory, 
has  been  suggested  ;  and  the  difficulties  are  raiher  incrcaseci  than 
met  by  supposing  that  the  sound  is  at  once  both  valvular  and 
muscular  in  origia 

77ie    IVifrk  dme. 

We  can  measure  with  exactness  the  intraventricular  pressure, 
the  length  of  each  systole,  and  the  number  of  times  the  systole  is 
repealed  in  a  given  period,  but  perhaps  the  most  important  factor 
of  all  in  the  determination  of  the  work  of  the  vascular  mechanism, 
the  quantity  ejected  from  the  ventricle  mto  the  aorta  at  each  systole, 
cannot  be  accurately  determined  ;  we  are  obliged  to  fall  back  on 
calculations  having  many  sources  of  error.  The  mean  result  of 
these  calculations  gives  about  180  grms.  (6  oz.)  as  the  quantity  of 
blood  which  is  driven  from  each  ventricle  at  each  systole  in  a  full- 
grown  man  of  average  si/e  and  weight.  It  is  evident  that  exactly 
the  same  quantity  must  issue  at  a  beat  from  each  ventricle  ;  for  if 
the  right  ventricle  at  each  beat  gave  out  rather  less  than  the  left, 
after  a  certain  number  of  beats  the  whole  of  the  blood  would  be 
gathered  in  the  systemic  circulation.  Similarly,  if  the  left  ventricle 
gave  out  less  than  the  right,  all  the  blood  would  soon  be  crowded 
into  the  lungs.  The  fact  that  the  pressure  in  the  right  ventricle  is 
so  much  le^  than  that  in  the  left  (30  or  40  mm.  as  compared  with 
200  mm.  of  mercury),  is  due,  not  to  differences  in  the  quantity 
of  blood  in  the  cavities,  but  to  the  fact  that  the  peripheral  resistance 
which  has  to  be  overcome  in  the  lungs  is  so  much  less  than  that 
in  the  rest  of  thj  body. 

Various  methods  have  been  adapted  for  calculating  the  average 
amount  of  blood  ejected  at  each  ventricular  systole.  It  has  been 
calculated  from  the  capacity  of  the  recently  removed  and  as  yet  not 
rigid  ventricle,  filled  with  blood  under  a  pressure  equal  to  the  calcu- 
lated avcrij^'c  pressure  m  the  ventricle.  This  method  of  course  pre- 
supposes that  the  whole  contents  of  ihe  ventricle  are  ejected  at  each 
tytfole.  Volkmann*  measured  the  sectional  area  of  the  aorta^  and 
taking  an  average  velocity  of  the  blood  in  the  aorta  la  very  uncertain 
datum),  caJcuhied  the  quantity  of  bliKKl  which  must  pass  through  the 
tectional  area  in  a  given  lime.  The  number  of  beats  in  that  time  then 
l^ve  him  the  quaniity  flowing  through  the  area  and  consequendy 
*  /iam&Jynamik,  p.  306. 
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ejected  from  the  heart  at  each  beat*  The  mean  of  many  experiments 
on  different  animals  came  out  '0025  p.  c.  of  the  body  weight,  which 
in  a  man  of  75  kilos  would  be  i87'5  grms.  Vierordt  measured  the 
mean  velocity  and  the  sectional  area  in  the  carotid,  and  thence,  from 
a  measurement  of  the  sectional  area  of  the  aorta,  and  from  a  calcu* 
lation  uf  the  bluod*^s  mean  velocity  in  it,  based  on  the  supposition  that 
the  mean  velocity  in  an  artery  was  inversely  as  its  sectional  area, 
arrived  at  the  quantity  flowing  through  the  aortic  sectional  area  in  a 
given  time,  and  thus  at  the  quantity  passing  at  each  beat  Both  these 
calculations  are  vitiated  by  the  fact  that  the  variations  of  velocity  in 
the  aorta  arc  so  great,  that  any  mean  has  really  but  little  positive 
value. 

Fick"  by  means  of  calcoblions  biscd  partly  on  the  data  gained 
by  observing  the  in.-reasc  of  the  volume  of  the  whole  arm  at  each 
cardiac  systole,  arrived  at  results  much  less  than  either  of  the  above 
In  one  case  he  estimated  the  quantity  ejected  from  the  heart  at  each 
beat  at  53  grm.,  and  in  a  se:ond  case  at  77  gmi. 

It  must  be  remembered  that  though  it  is  of  advantage  to  speak 
of  an  average  quantity  ejected  at  each  stroke,  it  is  more  than 
probalile  that  that  <.]iiantit)'  may  vary  within  ver}'  wide  limits. 
Taking,  however,  180  grras.  as  the  quantity,  in  man,  ejected  at 
each  stroke  at  a  pressure  of  250  mm.*  of  mercury  which  is 
equivalent  to  3-21  metres  of  blood,  this  means  that  the  left 
ventricle  is  capable  at  its  systole  of  lifting  iSo  grms,  3*21  m.  high, 
/>,  it  does  578  gram-raeties  of  work  at  each  beat  Supposing  the 
heart  to  beat  72  times  a  minute,  this  would  give  for  the  day's  work 
u(  the  left  ventricle,  nearly  60,000  kilogram -metres;  calculating 
the  work  of  the  right  venlricle  at  one-fourth  that  of  the  left,  the 
work  of  the  whole  heart  would  amount  to  75,000  kilogram -metres. 
A  calculation  of  more  practical  value  is  the  following.  Taking 
the  quantity  of  blood  as  ^^  of  the  body  weight,  the  blood  o(  a 
man  weighifig  75  kilos  would  be  about  5,760  grms.  If  180  grms. 
left  the  ventritic  at  each  beat,  a  quantity  equivalent  to  the  whole 
blood  would  pass  through  the  heart  in  32  beats,  i.e.  ia  less  than 
half  a  minute. 

Variaiwns  in  the  Heart's  beat 

These  are  for  the  most  part  in  reality  vital  phenomena,  ue^ 
brought  about  by  events  depending  on  changes  in  the  vital 
properties  of  some  or  other  of  the  tissues  of  the  body.  It  will 
be  convenient,  however,  briefly  to  review  them  here,  though  the 
discussion  of  their  causation  must  be  deferred  to  its  appropriate 
place. 

«  Untfrmih.  phvsioL  Lab,  Zurich,  Hochschuk^  Hft.  I.  p.  $1  (1869}. 
■  A  high  e*timntc  L»  purposely  taken  here. 
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The  frequency  of  the  heart,  i.e,  the  number  of  beats  in  any 

ivcn  time,  naay  vary.     The  average  rate  of  the  human  pulse  or 

lean-beat  is  72  a  niinutc.    It  is  quicker  in  children  than  in  adults, 

ml  quickens  again  a  little  in  advanced  age.     It  is  quicker  in  t)»e 

lult  female  than  in  the  adult  male,  in  persons  of  short  stature 

an  in  tall  people.    It  is  increased  by  exertion,  and  thus  isi  quicker 

a  standing  than  in  a  sitting,  and  in  a  sitting  than  in  a  lying 

iture.     It  is  quickened  by  meals,  and  while  varying  thus  from 

to  time  during  the  day,  is  on  the  whole  quicker  in  the  evening 

in  early  morning.     It  is  said  to  be  on  the  whole  quicker  in 

summer  than  in  winter.     Even  indejiendently  of  muscular  exertion 

h  seems  to  be  quickened  by  great  altitudes.    Its  rate  is  profoundly 

influenced  by  mental  conditions. 

The  length  of  the  systole  may  vary,  though  as  a  general 
md  broad  rule  it  may  be  stated  that  a  frequent  differs  from  an 
infrequent  pulse  chietiy  by  the  length  of  the  diastole. 

Donders  found   the  length   of  the  systole  as   measured   by   the 
[interval  between  the  first  and  second  sounds  to  be  for  ordinary  pulses 
:markably  constant  in  different  persons,  varying  not  more  ihan  from 
*yi7  10  "301  sec,  and  being  therefore  relatively  to  the  whole  cardiac 
iod  le^s  in  slow  than  in  quick  pulses. 

The  force  of  the  beat  may  vary ;  the  ventrictUar  systole 
ly  be  weak  or  strong. 

When  the  rate  of  beat  is  suddenly  increased  there  is  a  tendency  for 
individual  beats  to  be  diminished  in  force,  and  on  the  other  hand 
incrcised  in  force  wh«n  the  rate  is  difninished.     But  Iht-re  is  no 
isar>*  connc  tion    between  rate   and    strength;    both   a   Irequent 
and  an  mtrci|ucnt  pulse  may  be  either  weak  or  strong. 

The  character  of  the  beat  may  vary  :  the  systole  may  be 
5uditen  and  sharp,  rapidly  reaching  a  maximum  and  rapidly 
leclining,  or  slow  and  lengthened,  reaching  its  maximum  only 
fter  some  time  and  declining  very  gradually  ;  the  latter  being  the 
slow  pulse  {puiius  tardus)  as  distinguished  from  the  infrequent 
puLse  {pulsus  rants).  The  pulse  is  also  sometimes  spoken  of  as 
^being  slapping,  and  sometimes  as  heaving. 

The  rhythm  may  be  inUrmitfent  or  irt-egular.     Thus  in  an 
nt  pulse,  a  beat  may  be  so  to  speak  dropped :  the  hiatus 
^  either  regularly  or  irregularly.     In  an  irregular  rhythm 
Moceedmg  beats  may  differ  in  length,  force,  or  character. 

Skc.  3.    The  Pulse. 

When  the  finger  is  placed  on  an  artery,  such  as  the  radial,  an 
itcrnnttent  pressure  on   the  hnger,  connng  and  going  with  the 
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beat  of  the  heart,  is  felt.  Wlien  a  light  lever  such  tta  that  of  the 
sphygmograph  is  placed  on  the  artery,  the  lever  is  raised  at  each 
beat,  falling  between.  The  pressure  on  the  finger,  and  the  raising 
of  the  lever,  are  expressions  of  the  expansion  of  the  elastic  ancry, 
of  the  temporary  additional  distension  which  the  artery  undergoes 
at  each  systole  of  the  ventricle.  This  interniittent  expansion  is 
called  the  pulse  ;  it  corresponds  exactly  to  the  intcmiittent  oiiMlow 
of  blood  from  a  severed  artery,  being  [)icsent  in  the  arteries  only, 
aiicl  except  under  particular  circumstances,  absent  from  the  veins 
and  capillaries.  The  expansion  is  frequently  visible  to  the  eye, 
and  m  some  cases,  as  where  an  artery  has  a  bend,  may  cause  « 
certain  amount  of  locomotion  of  the  vessel. 

All  the  more  important  phenomena  of  the  pulse  may  be 
witnessed  on  an  artificial  scheme. 

If  two  levers  be  placed  on  the  arterial  tubes  of  an  artificial  ■ 
scheme,  one  near  to  the  pump,  and  the  other  near  lo  the 
peripheral  resistance,  with  a  considerable  length  of  tubing  between 
them,  and  both  levers  be  made  to  write  on  a  recording  surface, 
one  immediately  below  the  oilier,  so  that  their  curves  can  be 
more  easily  compared,  the  following  facts  may  be  observed,  when 
the  pump  IS  set  lo  work  regularly. 

I.  W^ith  each  stroke  of  the  puLup,  each  lever  (Fig.  33^  L 
and  11.)  rises  to  a  maximum,  la,  -!a,  and  then  falls  again,  thus 
describing  a  curve,— the  pulse-curve*.  This  shews  that  the 
expansion  of  the  tubing  passes  the  point  on  which  the  lever  rests 
in  the  form  of  a  wave.  At  one  moment  the  lever  is  quiet ;  the 
lube  beneath  it  is  simply  distended  to  the  normal  permanent 
amount  indicative  of  the  mean  arterial  pressure;  at  die  next 
moment  the  pulse  expansion  reaches  the  lever,  and  the  lever  begins 
to  rise,  and  continues  to  do  so  until  the  top  of  the  wave  reaches 
it,  after  which  it  falls  again  until  it  is  once  more  at  rest,  the  wave 
havJn^  completely  passed  by. 

The  rise  of  each  lever  is  somewhat  sudden,  but  the  fall  is 
more  gradual,  and  is  generally  marked  with  some  irregularities. 
Tlie  sutldenness  of  the  rise  is  due  to  the  suddenness  with  which 
the  sharp  stroke  of  the  pump  expands  the  tube ;  the  fall  is  more 
gradual  because  the  elastic  reaction  of  the  walls,  whereby  the  tube 


*  By  ihis  is  simoly  meant  a  system  of  tubes,  along  which  fluid  can  he  driven 
by  a  pump  worked  at  rtfgiiliir  Intervals,  In  the  course  of  the  tulles  a  {raniole) 
resistance  is  introduced  in  imitation  of  the  capillary  resistance.  The  tubes  on 
the  proximal  side  of  the  resistance  conncquenlly  represent  arteries  {  those  on 
the  distal  side,  veins. 

•  Cf,  Marey,  Trav,  ./.  Lafi.  I.  (1S75J  p»  100, 
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returns  to  iis  former  condition  arter  the  expanding  power  of  the 
lump  has  ceased,  is  gradual  n\  its  action. 

2.     The  size  and  form  of  each  curve  depends  in  part  on  ihc 


«^^A^AAA/V^.)^AAAAAAA/ 


Fiti.  i».  Pul*e-<:-urve*  dc^eriWd  by  a  »ri«  of  ffphyffmocnplik  kvcrs.  placvd  *i  interval* 
#w  ca.  rrni«  e«cH  cKhcr  alonx  »o  rl**tic  rtih*  imo  wftirh  rt«»«l  »•  fnr<-«-d  W  the  audilrn 
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vi(li  the  pnniiTy  wave.     (Krooi  M*rey.) 


176 


THE  PULSE. 


[BOOK 


amount  of  pressure  exerted  by  the  levers  on  the  tube.  Jf  the 
Itfvt-rs  only  just  touch  the  lube  in  its  expanded  state,  the  rise  in 
each  will  be  insignificant.  If  on  the  oiher  hand  they  be  pressed 
down  too  fimily,  the  lube  beneath  will  not  be  able  to  expand 
as  it  otherwise  wouUl.  and  the  rise  of  the  levers  will  be  pro- 
portionately diminished.  Thtre  is  a  certain  pressure,  depending 
on  the  expansive  power  of  the  tubing,  at  which  the  tracings  ar: 
best  marked. 

3.  If  the  points  of  the  two  levers  be  placed  exactly  one  under 
the  other  on  the  recording  surface,  it  is  obvious  that,  the  levers 
being  alike  except  for  their  position  on  the  tube,  any  difference 
in  time  between  the  movements  of  the  two  lovers  will  be  shewn 
by  an  interval  between  the  beginnings  of  the  curves  they  describe, 
if  the  recording  surface  be  made  to  travel  sufficiently  rapidly. 

If  the  movements  of  the  two  levers  be  thus  compared,  it  wOl 
be  seen  that  the  far  lever  {Fig.  $-^f  IL)  commences  later  than  the 
near  one  (Fig,  35*  I.) ;  the  farther  apart  the  twa  levers  are,  the 
greater  is  the  interval  in  lime  between  their  curves.  Compare 
the  series  1,  to  VI.  {Fig.  33).  This  means  ihat  the  wave  of 
expansion,  the  pulse -wave,  takes  some  time  to  travel  along  the 
tube.  By  exact  measurement  it  would  similarly  be  found  that  the 
rise  of  the  near  lever  began  some  fraction  of  a  second  after  the 
stroke  of  the  pump. 

This  tnivelhng  of  the  expansion-wave,  or  pulse-wave,  must  be 
carefully  distinguished  from  ihe  propagation  of  the  i/itfc^  given  by 
the  stroke  o(  the  pump.  When  a  long  glass  (or  other  rigid)  lube 
filled  with  water  is  smardy  tapped  at  one  end,  the  blow  is  imme- 
diately felt  as  a  shock  at  the  other  end.  The  transmission  of  this 
shock,  if  carefully  measured,  would  be  found  to  be  exceedingly 
rapid ;  compared  with  the  pulse-wave  now  under  consideration,  it 
would  be  practically  instantaneous.  When  Buid  is  driven  by  the 
strokes  of  a  pump  along  a  rigid  tube,  a  similar  shock,  travelling 
equally  rapiiJIy,  may  be  readily  felt,  and  might  be  registered  with 
a  lever.  When  however  the  tube  along  which  the  fluid  is  being 
pumped  is  elastic,  tlie  force  of  the  pump  is  so  much  taken  up  in 
expanding  the  tube,  that  the  shock  is  reduced  to  very  small 
dimensions.  It  becomes  so  slight,  that  it  makes  no  impression 
on  such  levers  as  are  used  to  register  the  expansion-wave. 

The  velocity  with  which  the  pulse-wave  travels  depends  chiefly 
on  the  amount  of  rigidity  j>ossessed  by  the  lubijig.  -The  more 
extensible  (with  corresponding  elastic  reaction)  the  tube,  the 
slower  is  the  wave ;  the  more  rigid  the  tube  becomes,  the  faster 
the  wave  travels.     Accordmg  to  Donders  the  size  uf  the  lube  has 


CHAP.  IV.]  THE  VASCULAR   MECHANISM. 


177 


DO  marked  influence ;  but  Moens'  finds  it  to  be  less  in  the  wider 
tubes.  According  to  Marcy  the  initial  velocity,  the  steepness  of 
the  wave,  has  an  intluence  on  its  rate  of  progress.  In  the  human 
body  the  wiive  has  been  estimated  to  travel  at  a  rate  of  9  to  10 
metres  (Weber  9  240 ;  Garrod  9 — 10 "8,  or  according  to  Landois 
j  to  6  metres)  a  second.  It  probably  varies  very  considerably, 
"  according  to  all  observers  the  velocity  of  the  wave  in  passing  from 

iC  groin  to  the  foot  is  greater  than  that  in  passing  from  the  axilla 
the  wrist  (6743  mm.  against  5772)*     This  is  probably  due  to 

le  fact  that  the  femoral  artery  with  its  branches  is  more  rigid  than 

ic  axillary. 

Since  with  increase  of  mean  tension,  the  arteries  become  more  and 
lore  rigid,  it  would  be  ejcpccted  that  the  velocity  would  increase  with 
le  mean  tension  ;  and'Mocns',  in  opposition  to  Weber's  earlier  results, 
finds  that  it  does. 

4.  When  two  curves  taken  at  different  distances  from  the 
pump  are  compared  with  each  other,  the  far  curve  will  be  found 
to  be  shallower,  with  a  less  sudden  rise,  and  with  a  more  rounded 
summit  than  the  near  curve ;  compare  5a  with  la,  Fig.  33.  In 
other  words,  the  pulse-wave  as  it  travels  onward  becomes  dimi- 
nished and  flattened  out.  If  a  series  of  levers,  otherwise  alike, 
were  placei!  at  intervals  on  a  piece  of  tubing  sufliciently  long  to 
nvert  the  iniermittcnt  stream  into  a  continuous  flow,  the  pulse- 
vc  might  be  observed  to  gradually  flatten  out  and  grow  less 
til  it  ceased  to  be  visible. 
Care  must  be  taken  not  to  confound  the  progression  of  the 
]>itlse*wavc  with  the  progression  of  the  fluid  itself.  The  pulse- 
wave  travels  over  the  moving  blood  somewhat  as  a  rapidly  moving 
wave  travels  along  a  sluggishly  flowing  river,  the  velocity 
liic  pulse-wave  being  9  metres  per  sec,  while  that  of  the 
ent  of  blood  is  not  more  than  -5  metre  per  sec.  even  in  the 

arteries,  and  diminishes  rapidly  in  the  smaller  ones. 
Taking  the  duration  of  the  systole  of  the  ventricle  as  j*^  of  a 
cond,  it  is  evident  that  the  pulse- wave  started  by  any  one  systole, 
it  travels  at  9  m,  per  sec,  will  ^/ifr^  tJu  end  of  tltc  systole  have 
ched  a  point  x^^^  ^  m,  =36  m.  distant  from  the  ventricle. 
In  other  words,  the  wave-length  of  the  pulse  wave  is  much  longer 
than  the  whole  of  the  arterial  system,  so  that  the  beginning  of 
each  wave  has  become  lost  in  the  small  arteries  and  capillaries 
nac  time  before  the  end  of  it  has  finally  left  the  ventricle. 
The  general  causation  of  the  pulse  may  then  be  summed  up 
what    as   follows.      The  systole  of  ttie   ventricle  dn,ves  a 
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quantity  of  fluid  into  the  already  full  aorta.  Tlic  portion  of  the 
aorta  next  to  the  heart  expands  to  receive  iu  thus  giving  rise  to 
the  sudden  upstroke  of  the  pulse-carve.  The  systole  over,  the 
aortic  walls,  by  virtue  of  their  elasticity,  tend  to  return  to  their 
former  calibre,  and  the  aortic  valves  being  closed,  this  elastic  force 
is  spent  in  driving  the  blood  onward.  The  elastic  recoil  being 
slower  than  the  initial  expansion,  the  down-stroke  of  the  pulse- 
curve  is  more  gradual  ihaii  the  up-stroke.  Of  this  portion  of  the 
aorta,  which  actually  receives  the  blood  ejected  from  the  heart, 
the  part  immediately  adjacent  to  the  semilunar  valves  begins  to 
expand  first,  and  the  expansion  travels  thence  on  to  the  end  of 
this  portion.  In  the  same  way  it  travels  on  from  this  portion 
through  atl  the  succeeding  portions  of  the  arterial  system.  For 
the  total  expansion  required  to  make  room  for  the  new  quantity 
of  blood  cannot  be  provided  by  that  portion  alone  of  the  aorta 
into  which  the  blood  is  actually  received  ;  it  is  supplied  by  the 
whole  arterial  system;  the  old  quantity  of  blood  which  is  replaced 
by  the  new  in  this  portion  has  to  find  room  for  itself  in  the  rest  ol 
the  arterial  space.  As  tlie  expansion  travels  onward,  however, 
the  increase  of  pressure  which  each  portion  transmits  to  the  suc- 
ceeding portion  will  be  less  than  that  which  it  received  from  the 
preceding  portion,  for  the  whole  increase  of  pressure  tluc  to  the 
systole  of  the  ventricle  has  to  be  distributed  over  the  whole  of  the 
arterial  system,  and  a  fraction  of  it  mut»t  therefore  be  left  behind 
at  each  stage  of  iu  progrtiss ;  that  is  to  say,  the  expansion  is 
continually  growing  less,  as  the  pulse  travels  from  the  heart  to  the 
capillaries  ;  hence  the  diminished  height  of  the  pulse-curve  in  the 
more  distant  arteries,  and  its  disappearance  in  the  capillaries. 

Secondary  Waves.  In  the  natural  pulse  curve  the  fun- 
damental wave  is  seen  to  be  marked  by  two  or  more  stcondarj 
waves  imposed  upon  it.  These  secondary  waves  vary  Diuch  ac- 
cording to  circumstances,  and  are  consequently  of  interest,  as 
throwing  light  on  the  condition  of  the  vascular  system. 

In  an  artificial  scheme,  two  kinds  of  secon<iary  waves  are  seen, 

U  Waves  of  oscillation.  When  a  moderate  quantity  of  fluid 
is  injected  into  the  tube  at  each  stroke,  one,  two,  or  more  secondary 
waves  are  seen  to  follow  the  primary  one.  They  are  the  more 
marked,  the  more  sudden  the  stroke,  the  more  extensible  (and 
elastic)  the  tuliing,  and  the  less  the  pressure  in  it.  When  the  pump 
is  a  pump  without  valves,  they  form  a  regular  decreasing  series^ 
succeeding  the  primary  wave,  and  travelling  at  the  same  velocity 
as  it  (Fig.  33,  I.  11.  III.  b^  r),  but  hicoming  sooner  obliterated 

These  waves  are  due  to  the  inertia  of  the  elastic  walls,  and  of 
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the  conuined  fluid,  and  so  correspond  to  the  secondary  oscilla- 
tions of  ihe  merniry  in  a  manometer.  If  the  tube  be  filled  with 
air  instead  of  water,  they  are  almost  entirely  absent.  If  meicury 
be  employed  instead  of  water^  they  become  very  conspicuous. 
When  the  quantity  of  fluid  injected  is  large  compared  with  the 
libre  of  the  tubing,  the  secondai-y  waves  may  be  seen  on  the 
:ending  line  of  the  primary  wave. 

Reflected  waves.  When  the  tube  of  the  artificial  scheme 
raring  two  levers  is  blocked  just  beyond  the  far  lever,  the 
"primary  wave  is  seen  to  be  accompanied  by  a  second  wave,  which 
at  the  far  lever  is  seen  cioso  to,  and  often  fused  into,  the  primary 
wave  (Fig.  35,  VI.  a'),  but  at  the  near  lever  is  at  some  distance 
from  it  (Fig.  33,  I.  a%  being  the  farther  from  it,  the  longer  the 
Iterval  between  the  lever  and  the  block  in  the  tube.  This  second 
Lve  is  evidently  the  primary  wave  reflected  at  the  block  and 
travelling  backwards  towards  the  pump.  It  thus  of  course  passes 
the  far  lever  before  the  near  one.  The  secondary  waves  of 
oscillation  may  be  similarly  reflected. 

Of  the  secondary  waves  on  the  natural  pulse-curve,  two  deserve 
special  notice. 

The  first  and  most  important  is  the  dicrotic  wave^  occurring 

Jowards  the  end  of  the  descent     This  is  always    more  or  less 

~     rktd  in  every  pulse  ;  it  may  be  witnessed  in  the  aorta  as  well  as 

other  arteries  (Fig.  34,  a  to  ^  C).     Sometimes  it  is  so  slight  as 

be  hardly  discemil)le.   Sometimes  it  is  so  marked  as  to  give  rise 

the  appearance  of  a  double  pulse,  hence  the  name  (Fig.  34, 

It  is  more  pointed  in  the  aarta,  and  in  the  larger  arteries  near  to 

heart,  than  in  the  more  distant  and  smaller  ones  ;  its  summit  in- 

rounds  off  more  rapidly  than  does  that  of  the  primary  one.     The 

tal  between  the  primary  and  dicrotic  rises  of  tiie  pulse-cune  is 

in  the  more  distant  arteries ',  and  longer  even  in  the  more  distant 

of  the   same   artery*.      It  diminishes  as    the    mean   tension 

:  reuses.* 

The  conditions  which  favour  the  prominence  of  the  dicrotic 

ive  are  chiefly: — (i)  A  sudden  strong  ventricular  systole.     (2) 

m  tension.     Hence  dicrotism,  not  previously  well  marked,  may 

brOQghc  on  at  once  by  diminution  of  the  peripheral  resistance 

sccTTon  of  the  vaso-motor  nerves  (see  Sec.  5).    (3)  Extensibility 

ic  reaction)  of  the  arterial  walls.     Hence  dicrotism  is 

'Xn  in  arteries  rigid  from  disease.    It  may  be  well  marked 

tD  one  artery  and  yet  very  slight  in  another. 

*  LMKloli^  (f.  fit,  *  Mocfus  <^.  cii,  •  Moens,  4^.  eiL 
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a.    SrHYGMOQKfiPH  TRACING  moH  THE    AACBNDtKG   AOKTA  (AacuTUoal   diUiiociV 

AniplifWd  40  times, 
la  this  and   the   succeeding  puUe-curves,  B  indicates  tbe  fmcdicrokic  wave,    C  lk» 

dscratic  wave*, 
N.B.    These  curve*  are  intrrxlttccd  10  shew  the  gtnrral  features  of  the  puUe-«iwe  i» 
variou*  arteries.    Not  being  00  the  *ame  scale  or  takco  uaJcr  th«  Buae  ctrcmp^tapf<»«  uwjr 
sn  not  intended  for  careful  comparisoo. 

^    Fjiom  CAWOTltJ  AKTBJtV  OF  A  K«ALTKY  HAH  (ast.  a6).  amplified  y>  til 

Fig.  34  <'  ^"5  3*  ^- 


C.      FjtOM  THB    RACIAL  AKTfRY   OP  TKH   F^AMK   FKKSOH    AS  34  B,      PrejiULfe  4   OS.      AlUtiliflCd 

90  times,  av  are  aIao  the  succeeding  curve*. 
(Where  not  otherwise  bdicated  this  is  the  aiuplification  of  all  the  pulse^curtnes^} 

it,      WkOH  KAOIAL  AKTSKir  Or  A  HBAtTMY  MAM  LKSS    ATHLKTlC  THAN  34  C       pRMUn  )  Qt. 

FiC   34 '■ 


«,      FitOM  TKK  DOIISAI.IS   POOTj;   OP  TKE  SAMK  TBRSaN    AS    A  AHD  f.      PrcSStm 

FiC.  54/  FiO    34  £' 


f,    Tracihc  of  rvtan  rtn-tr  DicKorrr :    ihbdickotic  wavb  also  $hkwi«. 

t  ox.    (T  Typhoid  Fever.) 
f .    Pulse  n^uLV  oiCRtrrtc.  and  dicrotic  wavb  vb«y  large.    Ftressuni  t  oa.    (TyptKiid 

Fever,) 

'  For  this  and  tbe  succeeding  pulse-curves  I  am  indebted  to  the  great  kindmew 
of  l>r   GaUbin, 
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PvuM  wmt  wrr   kabgk    pbkdicrotic  wavb^     Prcamra    4   oil      (Acute   Albu* 


A    HrrcHDicKOTic  rvta*.  thb  dicbotic  wavb  bkcoming  lott  on  tri  soccsbding 
atAT.  PreMure  A  o«l    Alter  luemorrhajEe  in  typhoiil  fev«r. 

Can  we  explain  the  dicrotic  wave  by  shewing  that  it  is  either  a 
Lve  of  oscillation,  or  a  reflected  wave?  That  the  dicrotic  wave 
not  one  reflected  from  the  periphery  is  clearly  shewn  by  the  fact 
"thai  its  distance  from  the  summit  of  the  primary  curve  is  either 
greater  or  at  least  is  not  regularly  less  at  points  of  the  arteries 
nearer  the  capillaries  than  at  points  farther  from  them.  This 
feature  indeed  shews  that  the  dicrotic  wave  cannot  be  in  any  way 
a  retrograde  wave.  Again,  the  more  the  primary  wave  is  obliter- 
ated by  the  elastic  action  of  the  arterial  \v;ills,  the  less  should  be 
the  reflected  wave.  Hence  dicrotism  should  diminish  with  in- 
creased extensibility  and  elastic  reaction  of  the  walls.  The  reverse 
is  the  case.  Besides,  the  multiludinous  peripheral  division  of  tlie 
arterial  system  would  render  one  large  peripherally  reflected 
wave  impossible. 

On  the  other  hand,  all  the  conditions  which  favour  dicrotism, 
also  favour  the  occurrence  of  waves  of  oscillation.  If  Fig.  33  I, 
be  compared  with  Fig.  34  c,  ihe  similarity  between  the  wave  of 
os<:illation  d  in  the  one  case  and  the  dicrotic  wave  C  in  the  other 
ii  very  striking.  And  we  shall  probably  not  go  far  wrong  if  we 
regard  the  dicroric  wave  as  in  the  main  a  wave  of  oscillation. 
There  is  however  evidence  that  it  is  not  a  simple  wave  of  os- 
cillation but  one  of  mixed  character,  the  movement  of  oscillation 
being  reinforced  by  a  wave  of  expansion  arising  from  the  closure 
of  the  aortic  valves. 

It  has  been  questioned  whether  waves  of  oscillation,  so  m.inifcst  in 
irtiii  ill  scheme,  do  occur  to  any  extent  in  the  arteries  of  the  bo4iy, 
I  as  these  arc  by  tissues  which  it  is  argued  must  tend  to  act 
;    rs  towards  any  oscillations  due  to  inertia.     But  there  ts  no 
|>o»iLi%c  evidence  of  the  existence  of  any  such  marked  damping  action, 
the  remarkable  similarity  between  the  tracings  obtamed  by  means 
«f  exposed  tabes  and  those  given  by  arteries  *n  iiiu  is  sufhcient 
that  in  this  respect  the  two  behave  alike. 
It  however  tlic  dicrotic  wave  is  not  simply  due  to  the  inertia  of 
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the  vessels  but  mixed  in  character,  is  shewn  by  its  peculiar  features. 
In  simple  waves  of  oscillation,  such  as  those  shewn  in  Fijj.  33  I.,  the 
first  wave  of  oscillation  is  the  largest,  the  succeeding  ones  diminishing^ 
in  size.  Now  the  dicrotic  wave,  though  undoubtciiiy  the  most  promi* 
nent  and  in  many  cases  the  only  observable  secondary  wave,  is  not  ibc 
first  secondary  wave.  It  is  frequently  preceded  by  the  so-called 
*  predicrotic'  wave,  which,  sonietinTcs  {Fig.  34  A)  of  considerable  size, 
is  probably  also  a  wave  of  oscillation.  If  both  these  are  waves  of 
oscillation,  there  must  be  causes  at  work  tending  to  diminish  the  first 
(predicrotic)  or  to  exaggerate  the  second  (dicrotic).  And  there  is  an 
event  which  readily  suggests  itself  as  likely  to  reinforce  the  later 
occurring  wave  of  oscillation,  viz.  the  closure  of  the  aortic  valves. 
At  the  close  of  the  ventricular  systole  the  pressure  in  the  aorta  be- 
comes higher  than  that  in  the  ventricle  itself,  and  the  blood  in  conse- 
quence tends  to  flow  back  towards  the  ventricle.  Thus  the  pressure 
in  the  aorta  having  reached  its  maximum  begins  to  fall  by  reason  of 
the  backward  as  well  as  of  the  forward  flow  of  the  blood.  But  the 
closure  of  the  semilunar  valves  gives  a  check  to  this  fall.  A  new  wave 
of  expansion  starting  from  the  valves  is  propagated  along  the  aorta  and 
great  arteries  in  sequence  to  the  main  primar>'  wave.  If  we  suppo-»c 
this  wave,  due  to  the  closure  of  the  aortic  valves,  to  coincide  with  a 
wave  of  oscillation,  the  prominence  of  the  latter  as  the  dicrotic  wave 
becomes  intelligible.  This  view  is  supported  by  the  fact  that  insufiB- 
ciency  in  the  working  of  the  semilunar  valves,  the  so-called  aortic 
regurgitation,  materially  mlerfcres  with  the  development  of  the  dicrotic 
wave.  That  the  wave  in  question  should  wholly  disappear  under  these 
circumstances,  is  not  to  be  expected,  seeing  on  the  one  hand  that  it  if" 
partly  a  wave  of  oscillation,  and  on  the  other  that  the  valves  need  not 
DC  perfectly  closed  in  order  that  a  secondary  wave  of  expansion  maybe 
started  at  the  end  of  the  systole.  Such  a  wave  would  be  originated  by 
any  obstacle  to  the  return  of  blood  into  the  ventricle,  and  such  an 
obstacle  must  exist  with  even  the  most  imperfect  valves,  or  otherwise 
circulation  would  soon  come  to  an  end. 

Burdon-Sandcrson  however  denies  that  the  aortic  valves  act  as 
ivc  explained  in  producing  the  dicrotic  wave,  basing  his  opinion  on 
the  grounds :  ist.  That  not  only  may  the  dicrotic  wave  be  prcxluced, 
but  tiiat  a  tracing  presenting  a//  the  graphical  characters  of  the 
radial  pulse  tracing  may  be  obtained  on  an  artificial  scheme  in  the 
absence  of  any  valves  corresponding  to  the  aortic  valves  ;  2nd,  That 
the  form  of  a  tracing  taken  at  any  point  of  an  artificial  scheme  may  bei 
modified  at  pleasure,  and  any  natural  pulse  tracing  imitated  by  intro- 
ducing changes  into  the  distal  portion  of  the  scheme  while  the  portion 
corresponding  to  the  heart  remains  absolutely  the  same.  The  view  he 
takes  is  somewhat  as  follows.  U  A  he  a  point  in  the  arterial  system 
and  B  a  more  distal  point,  the  maximum  expansion  of  B  will  take 
place  somewhat  later  than  the  maximum  expansion  of  A  ;  when  B  is 
At  its  maximum  of  expansion,  A  will  be  already  declining.  As  the 
clastic  reaction  of  B  sets  in  it  exerts  a  pressure  not  only  forwards  but 
backwards,  so  that  the  decline  of  expansion  in  B  may  be  regarded  as 
giving  rise  to  a  wave  of  expansion  travelling  forwards,  and  to  a  wave 
of  expansion  travelling  backwards,  the  latter  reaching  A  during  the 
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dcdinr  of  expansion  ai  that  pointy  and  therefore  giving  rise  u»  //  to  a 
secondary  txpansioii.  This  secondary  •expansion,  due  to  the  action  of 
the  Artery  at  the  single  point  B  \s  of  course  small ;  but  what  is  true  of 
B  is  also  true  of  all  the  points  distal  to  A.  Consequently  the  artery  at 
the  point  -"/  is,  during  the  decline  of  its  primary  expansion,  subject 
to  a  secondary  expansion  caused  by  the  elastic  reaction  of  all  the 
arteries  «i  front  of,  i.e,  more  distal  than,  itself.  The  dicrotic  wave  at 
mny  given  point  is  in  fact  a  secondary  expansion  brought  about  by  the 
combined  clastic  reaction  of  the  more  distal  portions  of  the  system. 

Moens'  compares  the  dicrotic  wave  to  the  waves,  which  he  calls 
'waves  of  closure/  seen  when  the  flow  of  Huid  through  a  lube  is 
suddenly  checked,  and  looks  upon  it  as  simply  a  wave  generated  by 
I  the  reflux  ot  blood  against  the  closed  aortic  valves, 
■^^  Mosso'  while  admitting  the  dicrotic  wave  to  be  a  M'ave  of  oscillation, 
^^Hlrms,  in  opposition  to  moi>t  other  observers,  that  it  is  dimini;ahed  by 
^^Fdiniinution  of  tensioOj  being  lessened  or  even  abolished  when  the 
^^fcery  <ltl  ttcs. 

^H  The  other  secondary  wave  worthy  of  notice,  the  so-called  predi- 
^^Botic  wave,  Fig.  34  //,  li,  is  much  more  variable  than  the  dicrotic 
^^Bs  mode  of  origin  is  obscure,  but  it  is  probably  a  wave  of 
^^■ciUauun. 

^^P  Sometimes,  though  rarely^  the  dicrotic  wave  is   followed  by  still 
^fcothcr  wave,  which  seems  to  be  simply  a  wave  of  oscillation.     The 
puL-e  is  then  said  to  be  *tricrotic.* 

Inso:ne  instances  the  predicroiic  wave  appears  to  be  broken  into 
two,  and  it  becomes  often  very  difficult  to  disimguish  those  secondary 
«aves  c»f  the  pube-cur^e  which  are  really  due  to  events  taking  place 
in  the  ancry  from  those  which  have  their  origin  (through  inertia  in  the 
fpiini*,  &c.)  in  the  instrument  itself.  It  is  worthy  of  notice  that  the 
lit  of  the  curve  of  intra-vcnlricular  pressure.  Fig.  28,  is  also 
I  cd  by  one  or  more  secondary  waves,  liearing  a  considerable  rc- 
!»cakblancc  to  the  predicrotic  wave.  In  the  curves  obtained  by 
Landois*,  by  allowing  the  blood  from  the  end  of  a  divided  artery  to 
&pun  out  on  to  a  recording  surface,  there  is  no  trace  of  a  predicrotic 
wave  though  the  dicrotic  wave  is  exceedingly  wcU  marked. 

The  pulse  then  is  the  expression  of  two  sets  of  conditions : 
•  pertaining  to  the  heart,  and  the  other  to  the  arterial  system. 
The  arterial  conditions  remaining  the  same,  the  characters  of  the 
pulse  may  be  modified  by  changes  taking  plate  in  the  beat  of  the 
heart  \  and  again,  the  beat  of  the  heart  remaining  the  same,  the 
puUe  may  be  modihed  by  changes  taking  place  in  the  arterial  walh. 
iicnce   the  diagnostic    value    of   the   pulse  characters,     it  must 

Op,  Hi.  *  yaria^wHi  Locaii  del  P0ito,  1878, 

Compare  Calahiu,  ymrn,  0/  Anai.  and  Fhyi.  Vol.  viii.  p.  i,  also  Vol.  r, 
J97- 

•  Pfluo-t^  s  Arthi7\  IX.  O874)  7». 
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however  be  remembered  that  arterial  changes  may  be  accompanied 
by  compensating  cardiac  changes,  to  such  an  extent,  that  the  same 
features  of  the  pulse  may  obtain  under  totally  diverse  conditions, 
provided  that  these  conditions  affect  both  factors  in  compensating 
dkeciions. 

Venous  Pulse.  Under  certain  circumstances  the  pulse  may  be 
carried  on  from  the  arteries  through  the  capillaries  into  the  veins. 
Thus  when  ihe  salivary  gland  is  actively  secreiiag,  the  blood  may  issue 
from  the  gland  through  the  veins  in  a  rapid  pulsating  stream.  This  as 
will  be  explained  hereafter  is  due  to  a  dilation  of  the  arteries.  Such 
exceptional  cases  do  not  militate  against  the  general  assertion  made 
on  p.  174  that  the  pulse  is  absent  from  the  veins. 

If,  as  was  stated  on  p.  161,  the  pressure  in  the  right  ventricle  and 
auricle  becomes  negative  at  the  beginning  of  the  diastole  of  the  ven- 
tricle, we  should  expect  to  find  that  a  wave  of  diminished  pressure 
travelled  backwards  from  the  heart,  along  the  great  veins  ;  and  many 
authors  have  insisted  on  the  existence  of  such  a  *  negative  pulse '  even 
in  health.  Thus  Mosso  '  gives  tracings  of  the  pressure  curves  of  the 
jugular  and  other  veins  which  are  marked  by  depressions  corresponding 
to  the  elevations  of  the  arterial  pressure  curves. 

Variations  of  pressure  in  the  great  veins  due  to  the  respiratory 
movements  are  sometimes  spoken  of  as  a  venous  pulse  ;  the  na'ure  of 
these  variations  will  be  explained  in  treating  of  respiration. 

II.    The  Vital  Phenomena  op  the  Circui-atioh. 

So  far  the  facts  with  which  we  have  had  to  deal,  with  the  ex- 
ception of  the  heart's  beat  itself,  have  been  simply  physical  facts. 
All  the  essentia]  [jhenomcna  which  we  have  studied  may  be 
reproduced  on  a  deaci  model-  Such  an  unvarymg  mechanical 
vascular  system  would  however  he  useless  to  a  hving  body  whose 
actions  were  at  all  complicated.  The  prominent  feature  of  a  hving 
mechanism  is  the  power  of  adapting  itself  to  changes  in  its  internil 
and  external  circumstances.  In  such  a  system  as  we  have  sketchi^i 
above  there  would  be  but  scanty  power  of  adaptation.  The  well 
constructed  machine  might  work  with  beautiful  regularity ;  but  its 
regularity  would  be  its  destruction.  The  same  <juantity  of  blood 
would  always  flow  in  the  same  steady  stream  through  each  and 
every  tissue  and  organ,  irrespective  of  local  and  general  wants. 
The  brain  and  die  stomach,  whether  at  work  and  needing  much, 
or  at  rest  and  needing  little,  would  receive  their  ration  of  b^ood, 
allotted  with  a  pernicious  monotony.  Just  the  same  amoiwt  of 
blood  would  pass  through  the  skin  on  the  hottest  as  on  the  coldest 
day      The  canon  of  the  life  of  every  part  of  the  whole  peiii>d  of 

»  Archimop.  L  Scim.  Med.  11.  (1878)  p.  401. 
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its  existence  would   be  furnished  by  the  inborn  diameter  of  its 

blood-vesselSf  and  by  the  unvarying  motive  power  of  the  heart. 

Such  a  rigid  sysiem  however  does  not  exist  in  actual  living 

sings.     The  vascular  mechanism  m  all  animals  which  possess  one 

capable  of  local  and  general  modifications,  adapting  it  to  local 

»d  general  changes  of  circumstances.     These  raodiiications  fall 

lia  two  great  classes  : 

I,  Changes  in  the  heart's  beat  These,  being  central,  have  of 
course  a  general  effect 

7.  Changes  in  the  peripheral  resistance,  due  to  variations  in 
the  calibre  of  the  minute  arteries,  brought  about  by  the  agency  of 
their  contractile  muscular  coats.  These  changes  may  be  either 
local  or  general. 

To  these  may  be  added  as  subsidiary  modifying  events  : 

3.  Changes  in  the  peripheral  resistance  of  the  capillaries  due 
to  alterations  in  the  adhesiveness  of  the  capillary  walls  or  to  other 
influences  arising  out  of  the  as  yet  obscure  relations  existing 
between  the  blood  within  and  the  tissue  without  the  thin  permeable 

rpillary  walls,  and  depending  on  the  vital  conditions  of  the  one 
of  the  other.  Such  changes  causing  an  increase  of  peripheral 
dstance  are  seen  to  a  marked  degree  in  inflammation. 
4.  Changes  in  the  quantity  of  blood  in  circulation. 
The  two  first  and  chief  classes  of  events  (and  probably  the 
third)  are  directly  under  the  dominion  of  the  nervous  system.  It 
is  by  means  of  the  nervous  system  that  the  heart's  beat  and  the 
calibre  of  the  minute  arteries  are  brought  into  relation  with  each 
other,  and  with  almost  every  part  of  the  body.  It  is  by  means 
of  the  nervous  system  acting  either  on  the  heart,  or  on  the  small 
arteries,  or  on  both,  that  a  change  of  circumstances  affecting 
cither  the  whole  or  a  part  of  the  body  is  met  by  compensating  or 
ulativc  changes  in  the  flow  of  blood.  It  is  by  means  of  the 
ous  system  that  an  organ  has  a  more  full  supply  of  blootl  when 
t  work  than  when  at  rest,  that  the  stream  of  blood  through  the 
skin  rises  and  ebbs  with  the  rise  and  fall  of  the  temperature  of  the 
air,  that  the  work  of  the  heart  is  tempered  to  meet  the  strain  of 
overfull  arteries,  and  that  the  arterial  gates  open  and  shut  as  the 
for*  c-  of  the  central  pump  waxes  and  wanes.  Each  of  these  vital 
iii  lore  of  the  circulation  must  therefore  be  considered  in  con- 
r.^  rtion  with  those  pans  of  the  nervous  system  which  are  concerned 
in  their  action. 
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Sec.  4.    Chances  in  the  Beat  of  the  Heart. 

We  have  already  discussed  the  more  purely  mechanical  pbeno* 
raena  of  the  heart.  We  have  therefore  in  the  present  section  only 
10  inquire  into  the  r^ature  and  working  of  the  mechanism  by  which 
the  beat  of  the  heart  is  maintained,  varied,  and  regulated. 

When  a  frog  s  veniricle  which  has  cearicd  to  beat  spontaneously 
is  stimulated  by  touching  it  with  a  blunt  needle,  a  beat  is  fre- 
quently called  forth  ;  this  artificial  beat  dilTers  in  no  obvious 
characters  from  a  natural  beat.  The  latent  ])eriod  of  s:uch  an 
artificial  beat  is  remarkably  long,  the  length  varjing  within  very 
wide  limits.  Thus  the  cardiac  contraction  is  more  like  that  of  an 
unstriated  than  of  a  striated  muscle.  The  beat  is  in  fact  a  modified 
or  peculiar  form  of  peri.staUic  contraction.  In  the  hearts  of  some 
animals,  the  ventricle  fomis  a  straight  tube  ;  and  in  these  the 
peristaltic  character  of  the  beat  is  obvious  ;  but  in  a  twisted  tube 
like  that  of  the  vertebrate  ventricle,  ordinary  peristaltic  action  would 
be  impotL-nt  to  drive  the  blood  onward,  and  is  accordingly  so  far 
modified  Uiat  the  peristaltic  character  of  the  beat  is  recognis 
only  when  the  action  of  the  heart  becomes  slow  and  feeble. 

The  cardiac,  like  the  skeletal  muscular  fibre,  after  a  con 
traction  returns  by  relaxation  to  its  previous  shape,  and  the  whole 
ventricle  (or  whole  heart)  regains  after  a  beat  the  form  natural  to 
its  quiescent  slate.  This  diastolic  expansion » though  increased  by, 
is  not  dependent  on,  the  influx  of  fluid  into  the  cavities  of  the 
heart.  Thus  the  cavity  of  the  empty  quiescent  mammalian  left 
ventricle,  though  smaller  than  when  it  is  distended  with  blood  as 
in  its  normal  action,  is  larger  than  when  it  is  in  systole  or  when 
rigor  mortis  has  set  in  ;  moreover  if  its  dimensions  be  artificially 
lessened,  as  when  it  is  stjueezcd  with  the  hand,  it  returns  by  an 
elastic  reaction  to  its  former  volume  when  the  pressure  is  removed. 
It  is  by  this  elastic  expansion  that  the  negative  pressure  during 
diastole  (p.  162)  is  probably  brought  about. 

One  great  feature  of  the  cardiac  beat  produced  by  artificial 
stinuil.'ition  is  seen  in  the  absence  of  any  relationship  between  the 
strength  of  the  stimulus  employed  to  produce  a  beat  and  the  amount 
of  contraction  evoked.  The  beat  with  which  a  heart  responds  lo  a 
stimulus,  e^g.  a  single  induction  shock,  is,  if  there  be  any  response  ;it 
all,  equally  large  when  a  feeble  as  when  a  strong  stimulus  is  used, 
though  die  strength  of  the  beat  evoked  either  by  a  strong  or  a  weak 
stimulus  may  vary  considerably  within  e\'en  a  very  short  period  ol 
time. 

When  a  second  induction  shook  is  sent  in  at  a  certain  interval  after 
the  first,  the  beat  due  to  the  second  shock  is  often  larger  than  the  lirst^ 
the  beneficial  effects  of  a  contraction  (see  p.  99)  being  even  still  more 
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tniitiifcst  in  the  heart  than  in  an  ordinary  skeletal  muscle.  Frc<|Uicntly 
by  successive  shocks  of  equal  intensity  a  '  staircase '  of  beats  of  suc- 
iivcly  increasing  amplitude  may  be  produced. 
WKai  a  second  induction  shouk  follows  upon  the  first  too  rapidly, 
is  apparently  without  effect ;  no  second  beat  is  produced.  So  also 
when  a  scrici  of  rapidly  repeated  iniuction  shocks  are  sent  in,  a 
certain  number  of  Ihem  are  thus  *  ineffectual '  ;  the  application  of  the 
ordmary  interrupted  current  gives  rise  not  to  a  tetanus  but  to  a  rhythmic 
series  of  beats.  The  *refra:tory  jKiriod,'  which  is  so  brief  in  the 
skeletal  muscle  (see  p.  89),  is  very  prolonged  in  the  cardiac  muscle. 
So  also  in  a  spontmeously  beating  heart,  induction  shocks  sent  in  at 
a  certain  phase  of  a  cardiac  cycle,  e.g.  the  commencement  of  the 
systole,  are  ineffectual,  though  they  produce  forced  beats  when  sent 
at  the  other  phases  of  the  cycle'. 

The  elastic tty  of  the  cardiac  walls  is  in  a  healthy  condition*  like 
IM  of  a  skeletal  muscle,  very  perfect.  It  is  however  soon  interfered 
ith  by  imperfect  nutrition;  and  a  'contraction  remainder'  (p.  60) 
ider  certain  circumstances  is  readily  developed*. 

Under  the  influences  of  certain  poisons,  veratrin,  digitaltn,  &c,,  the 

mgth  of  the  beat  is  enormously  prolonged,  and  the  ventricle  eventually 

rown  into  a  remarkable  contracted  condition,  the  exact  nature  of 

^htch  is  perhaps  not  thoroughly  understood^  though  it  is  believed  by 

many  to  be  due  to  a  deficiency  of  elastic  reaction'. 

Nervous   mechanism   of  the   Beat.    The  beat  of  the 
heart  is  an   aul«  niattc   action  ;    the   muscular  cuniraclions  which 
itute  the  beat  are  caused  by  impulses  which  arise  sponta- 
^iy  in  the  heart  itself. 

Ihe  heart  of  a  frog  (or  of  a  turtle  or  fish,  ^c.)  \\\\\  continue 

to  beat  for  hours,   or  under  fiivourable   circunisunces  for   days, 

removal  froiii  ihc  body.     The  beat  goes  un  even  after  the 

cs  have  been  cleared  of  blood,  and  indeed  when  they  are 

t  empty  of  all  fluid.      The  beats  are  more  vigorous,  and  last 

r,  when   the  heart  is  removed  by  incisions  which  leave  the 

vcnosus  still  attached  to  the  auricles*     The  excised  heart 

_   _.  however,  though  for  a  shorter  time  and  not  so  readily,  con- 

linuc  to  beat  spontaneously  when  removed  by  an  incision  carried 

irough  the  auricles  so  that  a  portion  or  even  the  whole  of  Ihe 

iricles    together  with  the   sinus  vcnosus   is   left  behind   in    the 

dy*     In  this  case  the  parts  left  behind  are  seen  also  to  go  on 

iimg  by  IheuiselveH. 

If  in   an  excised  heart   the   ventricle   be  divided   frotii    the 
iclcs,  both  ventricle  and  auricle   will  go   on   beating.     Each 

Cf  Bowdifch,  LudwigS  Arbtitm^  1871 ;  and  Marey,  Trvwuusdu  la&cr^ 
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moiety  has  then  an  independent  rhythm.  If  ihe  spontaneously- 
beating  auricle  be  bisected  longitudinally,  each  lateral  half  will  go 
on  beating  spontaneously.  Each  lateral  half  may  be  still  further 
divided,  and  yet  the  pieces  will  under  favourable  circumstances  go 
on  pulsatmg.  The  ventricle  will  go  on  beating  when  bisected  lon- 
gitudinally ,  but  if  it  be  cut  across  transversely,  tlie  lower  half 
remains  motionless,  while  the  upper  goes  on  pulsating.  The 
power  of  spontaneous  pulsation  is  limited  to  the  extreme  base,  for 
if  the  transverse  incision  be  earned  only  at  a  little  distance  from 
the  auriculo-ventricular  groove  all  power  of  spontaneous  pulsation 
is  lost  in  the  lower  part.  When  these  several  parts  of  the  heart 
are  examined,  it  is  found  that  in  all  of  those  wliich  beat  spun- 
tancously  ganglia  are  present,  while  from  the  ventricle  except  at 
the  extreme  base  ganglia  are  absent.  There  are  ganglia  in  the 
sinus,  ganglia  in  the  auricular  septum  and  walls,  ganglia  in  the 
auriculo-ventricular  groove,  but  none  have  been  found  in  the  mass 
of  the  ventricle  itself.  From  these  facts  the  conclusion  is  drawn 
that  the  spontaneous  pulsations  in  the  heart  are  in  some  way 
associated  with,  and  due  lo  the  action  of,  the  ganglia  scattered  in 
its  substance.  Of  these  ganglia  those  in  the  smus  seem  more 
potent  than  those  in  other  parts  of  the  heart 

The  exact  iruinncr  in  which  these  ganglia  act  is  still  obscure.  The 
vigour  of  the  rhythmic  contractions,  and  the  time  they  continue  to  go 
on  is  so  much  greater  in  the  case  of  the  heart  retaining  the  sinus 
vcnosus  than  in  that  fruni  which  it  has  been  removed,  that  many  regard 
the  beats  of  the  fonrter  only  a^  really  auioniutic.  They  look  upon  the 
beats  of  the  latter,  though  repeated  rhythmically,  and  that  for  even  a 
long  series,  to  be  the  result  of  some  stimulation  or  other.  They  accor- 
dingly ^pcak  of  the  sinus  ganglia  as  being  automatiCj  and  of  the  rest  as 
being  of  relTicx  or  other  function. 

Though  the  portion  comprising  the  lower  two-lhirds  of  the  \*emricle 
remains  after  separation  from  the  basal  third  permanently  quiescent,  it 
may  be  thrown  into  rhythmic  contractions,  iadistingui'aliable  in  their 
character  from  normal  beats,  by  the  application  of  the  constant  current. 
It  will  also  give  apparently  spontaneous  rhythmic  beats,  when  supplied, 
according  to  the  Leipzig  method,  with  rabbit's  ;*erum  or  dilute  rabbil*s 
blood*.  For  this  purpose,  a  lube,  completely  divided  by  a  longitudinal 
partition  into  two  canals,  is  introduced  into  the  cavity  of  the  ventricle, 
and  the  latter  securely  ligatured  round  the  tube  at  the  junction  of  the 
upper  and  middle  thirds.  Fhiid  introduced  through  one  canal  at  a  low 
pressure  distends  the  ventricle,  and  when  a  beat  takes  place,  is  driven 
out  through  the  other  canal.  Fed  in  this  way  with  rabbit's  (or  sheep's, 
ik.c.}  iicrum  or  blood,  almost  any  part  of  the  ventricle  may  be  made  after 
a  period  of  rest  to  execute  what  are  apparently  spontaneous  rhythmic 
'  Mcnmowici,  Lud wig's  ArbHtt-n^  '875,  p.  13a.  Compare  however  Dem^ 
%Xtm,  Cmtralbt.f.  ftmi,  ^^iis.  1S76,  38$,  435.  Uowditcb,  >wrw.  Phyxi^i,  l« 
(1878)  p.  104. 
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tions.     If  it  be  urged  that  the  senim  or  blood  is  a  stimulus  which 

voices  contractions,  there  siill  remains  the  ditficulty,  why  the  coa- 

ucd  stimulus  produces  not  a  continued  contraction,  but  a  rhythmic 

ution.     Moreover,  in  the  case  of  the  rhythmic  beats  evoked  by  the 

stant  current,  the  current  cannot  during  ii5  passage  be  regarded  aa 

a  stimulus  in  the  ordinary  sense  of  the  word. 

The  beat  of  tlie  mammalian  heart  cannot  be  studied  in  the 
Eame  way  as  that  of  the  frog,  for  the  former  ceases  to  beat  almost 
immediately  after  removal  from  the  body ;  but  all  the  facts  which 
have  hitherto  been  observed  go  to  prove  that  the  heart  of  a  warm- 

h^looded  animal  is  governed  by  a  nervous  mechanism  similar  to 

^^hat  which  has  just  been  described. 

'  Just  as  the  two  auricles  of  the  frog's  heart  beat  synchronously 

^  under  all  circumstances  (excepting  actual  separation),  so  also  tho 
two  ventricles  of  the  mammalian  heart  act  completely  as  one.  A 
want  of  synchronism  in  the  two  ventricles,  though  it  has  been 
called  in  to  explain  certain  pathological  phenomena,  has  not  been 
observed  experimentally. 

The  occurrence  of  two  cardiac  impulses  to  one  arterial  pulse,  i.  t,  an 
intermittence  of  the  arterial  pulse  unaccompanied  by  a  cardiac  intcr- 
initteDce,  which  has  sometimes  suggested  the  idea  of  a  want  of  syn- 
chronism in  the  two  ventricles,  leading  to  a  double  cardiac  impulse, 
may  be  otherwise  explained.  In  such  a  case,  of  tlie  two  contractions 
ventricle  one  is  so  weak  that  it  fails  to  throw  into  the  arterhd 
enough  blood  to  give  rise  to  a  pulse-wave 

Inhibition   of  the   Beat.     I'he  beat  of  the  heart  may  be 
topped  or  checked,  i.  e.   may  be   inhibited  by  efferent  impulses 
descendmg  the  vagus  nerve. 

If  while  the  beats  of  the  heart  of  a  frog  or  rabbit  are  being 

;fully  registered  (Fig.  35)  an  interrupted  current  of  moderate 

rcngth  be  sent  tlirough  one  of  the  vagi,  ihe  heart  is  seen  to  stop 

;almg.     It  remains  for  a  time  in   diastole,  perfectly  motionless 

id   tUccid.     If  the  duration   of  the  current   be   short  and  the 

rcngth  of  the  current  great,  the  standstill  may  continue  after  the 

irrent    has  •been   siiut  off;    the  beats  when    they   reapj>ear  axe 

rnerally  at  first  feeble  and  infrequent,  but  soon  reach  or  even  go 

ryond   their  previous  vigour  and   frequency.     A  wholly  simdar 

ihibition   may  be   seen  in  the  mammal ;  and  indeed   in   man  : 

Izermak,  by  pressing  his  vagus  against  a  small  osseous  tumour  in 

his  neck,  and  thus  mechanically  siiniulatmg  the  nerve,  was  able  to 

uop  at  will  t)je  beating  of  his  own  heart ;  it  need  hardly  be  added 

that  such  an  experiment  is  a  dangerous  one. 

The  effect  is  not  produced  instantaneously  ;  if  on  tlie  ctjrve  the 
►int  be  exactly  marked  as  at  a  (Fig.   35)  where  the  current  is 
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Fig,  35.    Inkibitidw  of  FrogV  Hbart  bv  stimulation  or  thk  Vagvs, 
The  contmctions  of  the  ventricle  arc  re^sistered  by  means  of  »  simpje  kycr.  *o  that  each  tite 
of  the  lever  correipondt  la  3  b«rkt.     I'he  in  «riruptei  curreni  was  thrown  in  sU  <>,  oAd  shut  off 
at  ^,     It  wiU  be  $e«n  tliat  one  bent  occrirre<l  afi^r  it.  and  thai  the  pauae  contiiuiud  for  womt 
lime  after  ^.     To  be  read  from  rigtii  to  kfu 

made,  it  ^vill  frequently  be  found  that  one  beat  at  least  occurs  after 
tht  current  has  passed  into  the  nerve.  In  other  words,  the  inhibi- 
tor)'action  of  the  vagus  has  a  h:ing  latent  period  j  this  has  been 
estimated  by  Dondcrs  to  last  in  the  rabbit  16  sec.  The  inhibitory 
effect  is  at  a  maximum  soon  after  the  moment  of  application  of 
the  current,  and  diminishes  gradually  oivvard  j  so  much  so  is  this 
the  case  that  when  the  current  is  ap|>hed  for  more  than  a  very 
short  time  the  heart  recommences  beating  before  tiie  current  is 
removed.  The  effect,  especially  with  weak  currents^  is  much  more 
in  the  direction  of  prolonging  the  diastole,  than  of  diminishing 
the  extent  q(  the  systole.  Hence  with  weak  currents,  no  actual 
stoppage  takes  place,  but  the  [wuses  between  the  beats  are  much 
prolonged,  especially  at  the  beginning  of  the  action  of  the  current, 
and  the  pulse  thereby  rendered  slow.  During  the  standstill,  direct 
stimulation  of  the  heart,  sls,  by  touching  ihj  auricle  or  ventricle, 
will  produce  a  single  beat ;  though  spontaneous  pulsations  are 
absent,  the  irritability  of  the  muscukir  Iibre:i  is  not  destroyed. 

I^hc  stimulus  need  not  be  an  interrupted  current ;  mechanical 
and  chemical  stimulation  of  the  vagus  also  producoi  inhibition, 
though  less  readily. 

After  atropin,  even  in  a  minute  dose,  has  been  injected  into  the 
blood,  stimulation  of  the  vagus  even  with  the  most  jiowerful  cur- 
rents produces  no  inhibition  whatever^  The  heart  continues  to 
beat  as  if  nothmg  were  happening  ;  atropin  in  some  way  or 
other  docs  away  with  the  normal  inhibitory  action  of  the  vagus. 

The  above  facts  shew  that  the  events  which  are  at  the  bottom  o| 
vagus  inhibition  are  complex.  The  following  considerations  render 
this  still  more  evident. 
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A  single  induction  shock  rarely  produces  an  cfTccl  which  can  be 
measured  ;  but  a  scries  of  shcw;ks  repeated  at  intervals  (the  interval 
may  be  couai  to  or  even  greater  than  the  length  of  a  whole  cardiac 
c>'cle)  produces  very  marked  inhibition. 

If  one  application  of  the  current  be  rapidly  followed  by  a  second 
tplicatioD  of  the  same  current,  the  effects  are  very  markedly  less. 
_  us  seems  to  be  due  partly  to  exhaustion  of  the  vagus  fibres  but  also 
to  something  which  has  taken  place  in  the  heart  itself  for  a  stimulation 
of  one  vagus,  immediately  following  a  stimulation  of  the  othcrjat  least 
when  prolonged,  is  diminished  in  effect'. 

The  stimulus  may  be  applied  at  any  part  of  the  course  of  either 
vagus  (though  it  frequently  happens  in  the  frog  that  one  vagus  is  more 
cfticient  than  the  other)  ;  but  perhaps  the  most  mar  ed  effects  are  pro- 
*  jced,  when  the  electrodes  are  placed  on  the  boundary-line  between 
le  sinus  venosus  and  the  auricles. 
In  slight  urari  poisoning,  the  inhibitory  action  of  the  vagus  is  still 
jsent  ;  in  the  profounder  stages  it  disappears,  but  even  then  inhibition 
lay  be  obtamcd  by  applying  the  electrodes  to  the  sinus. 
In  order  to  explain  this  result  it  has  been  supposed  that  the  in- 
hibitory tibres  of  the  vagus  terminate  in  an  inhibitory    mechanism 
>robably  ganghonic  in  nature),  seated  in  the  heart  itself,  and  that  the 
^,  while  in  large  doses  it  may  paraly>e  the  terminal  fibres  of  the 
IS,  leaves  this  inhibitory  mechanism  intact  and  capable  of  bcmg 
h'n  into  activity  by  a  stimulus  applied  directly  to  the  sinus.    After 
tropin  has  been  given,  inhibition  cannot  be  brought  by  stimulation 
if  her  of  the  vagus  eibres  or  of  the  sinus,  or  indeed  of  any  part  of  the 
*art.     Hence  it  is  inferred  that  atropin,  unlike  urari,  paralyses  this 
kirinsic  inhibitory  mechanism  itself. 
After  the  application  of  muscarin  or  jaborandi,  the  heart  slops 
«mg,  and  remains  in  diastole  in  perfect  standstill.     Its  appearance 
then  exactly  that  of  a  heart  inhibited  by  profound  and  lasting  vagus 
imulation.     This  effect  is  not  hindered  by  urari.     The  application 
>wevcr  of  a  small  dose  of  atropin  at  once  restores  the  beat.     These 
arc  interpreted  as  meaning  that  muscarin  (or  jaborandi)  stimu- 
or  excite^  the  inhibitory  apparatus  spoken  of  above,  which  atropin 
ralyses  or  places  /tors  de  combat.     It  is  doubtful  whether  the  stand- 
ptoduced  by  muscarin  after  it  has  Ijeen  put  on  one  side  by  atropin, 
DC  brought  back  again  by  further  doses  of  muscarin.     In  the  case 
jaborandi   it  can.     When  jaborandi  is  carefully  applied  to  ihc  vcn- 
ide  externally,  the  ventricle  may  be  brought  to  a  standstill,  while  the 
»nclcs  contmuc  to  go  on  beating  as  usual*. 

Nicotin,  when  given,  first  slows  the  heart  even  to  a  standstill ;  but 

tcr  a  while  the  beats  recover  their  usual  rhythm.     Slimulaliun  of  the 

is  then  found  to  have  no  effect  ;  muscarin  however  at   cjncc 

luces  a  standstill,  which    in    turn    may  be  removed  by  atropin. 

je  initial  slowing  effect  is  absent  if  atropin  or  uran  be  prevH'Usly 

These  facts  are  interpreted  as  shewing  that  nicotin  first  excites 

terminal  fibres  of  the  vagus,  producing  inhibitory  cffcLts,  but  that 
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a  scalpel,  the  heart  will  stand  still  in  diastole  wriih  all  the  pheno- 
»a  of  vagus  inhibition.  If  the  nervi  mesenttrid  or  the  connec- 
of  these  nerves  with  the  sympathetic  chain  be  stimulated 
the  interrupted  current,  cardiac  uihibition  is  similarly  pro- 
If  in  these  two  cxperimenu  both  vagi  are  divided,  or  the 
lla  oblongata  destroyed,  inhibition  is  not  produced,  however 
either  the  intestine  or  the  mesenteric  nerves  be  stimulated, 
shews  that  the  phenomena  are  caused  by  impulses  ascending 
,lhc  mesenteric  nerves  to  the  medulla^  and  so  aft'ecttng  a  por- 
^  that  organ  as  to  give  rise  b>  reflex  action  to  impulses  which 
:cnd  the  vagi  as  inhibitory  impulses.  The  portion  of  the 
lulla  thus  mediating  between  the  afferent  and  efferent  impulses 
be  spoken  of  as  the  cardio-inhibitory  centre* 

If  the  peritoneal  surface  of  the  intestine  be  inflamed,  very 
JoUc  stimulation  of  the  inflamed  surface  will  produce  marked 
ihibition  ;  and  in  general  the  alimentary  tract  seems  in  closer 
winection  with  the   cardio-inhibitory  centre  than  other  parts  of 

I  body;  but  apparently  stimuli  if  sufficiently  powerful  will  through 
action  produce  inhibition  from  whatever  part  of  the  body 
•y  may  come.     Thus  crushing  a  frog's  foot  will  stop  the  heart. 

ourselves  the  fainting  from  emotion  or  from  severe  pain  is  the 

It  of  a  reflex  inhibition  of  the  heart,  the  afferent  impulses  \jx 

one  case  at  least,  and  probably  in  both  cases,  reaching  the 

lulla  from  the  brain. 

Direct  stimulation  of  the  centre  itself,  such  as  occurs  during 

destruction  of  or  resylis  from  injury  to  the  medulla,  of  course 
roduces  inhibition  ;   and  inhibition  through  one  vagus  may  be 

ighl  about  by  stimulation  of  the  central  end  of  the  other. 

Thus  by  nervous  links,  the  regulative  action  of  the  inhibitory 
lechanism  is  brought  into  more  or  less  dose  communion  with  all 
of  the  body. 

The  question  naturally  arises,  Has  this  cardio-inhibitory  centre  any 

&tant  .iiitomatic  action  ? 

in  the  dog,  and  also,  though  to  a  far  less  extent^  in  the  rabbity  sec- 

in  of  both  vagi  is  followed  by  a  quickenmg  of  the  heart's  beat. 

'lis   result  may  be  interpreted  as  shewing  that  the  centre  in  the 

luUa  exercises  a  permanent  restraining  influence  on  the  heart ;  that 

\\\  fact  being  habitually  curl>ed.     (The  argument  that  the  effects 

cumulation  of  the  vagus  soon  wear  off,  and  that  ibcrc- 

iit  stimulation  of  the  vagi,  leading  to  permanent  m- 

un,  would  be  impossible,  may  be  met  by  the  suggestion 

effects  of  natural  stimulation  need  not  necessarily  wear  off. ) 

^  previous  to  the  section  of  the  vagi,  afferent  impulses  to 

■^W  the  medulla  are  cut  off  by  the  section  of  the  spinal  cord 

medulla^  and  by  division  of  the  cervical  sympathetic  chain, 
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this  excitement  ends  in  an  exhaustion  of  these  fibres.  The  action  of 
the  drug  however  is  Hmited  to  the  terminal  fibres  of  the  vagus^  aj>d 
does  not  be^ir  on  the  intrinsic  inhibitory  apparatus,  with  which  these 
fibres  are  connected  ;  hence  whiJe,  after  nicotin  poisoning^  sttmulation 
of  the  trunli  of  the  vagus  is  ineffectual  a  small  dose  of  muscarin, 
which  acLs  directly  on  the  apparatus  itself,  produces  standstill. 

According  to  Nuel*  stimulation  of  the  vagus  while  it  produces  in 
the  ventricle  simply  lengthening  of  the  diastole^  without  change  in 
the  forct  of  the  isystole,  has  a.  marked  effect  on  the  force  of  the  systole 
of  the  auricle.  Roy'  finds  direct  stimulation  of  the  auricle  to  bring 
about,  according  to  the  spot  stimulated,  sometimes  slowing  sometimes 
quickening  of  the  beat,  with  increase  or  with  decrease  of  force* 

Jf  a  ligature  be  drawn  tightly  round  the  junction  of  the  sinus 
venosus  with  the  auricles^  or  if  the  auricles  be  separated  from  the  sinus 
by  an  incision  c:irried  along  the  boundary-line  between  the  two,  a 
standstill  is  produced  closely  resembling  a  very  prolonged  vagus  inhi- 
bitiun.  The  quiescence  thus  induced  may  last  an  indefinite  time.  This 
experiment  we  owe  to  Stannius^,  During  the  standstill,  a  pulsation 
may  be  induced  by  a  stimulus  applied  directly  to  the  heart,  a  whole 
series  ot  beats  being  evoked  when  a  mechanical  stimulus,  such  as  the 
prick  of  a  needle  is  applied  over  the  seat  of  Bidder's  ganglia  at  the 
junction  of  the  auricles  with  the  ventricles,  or  to  the  ganglia  in  the 
auricles  and  in  the  bulbus'* ;  and  when  the  ventricle  is  separated  by 
an  inciision  from  the  auricles,  the  former  will  recommence  beating, 
while  the  latter  remain  as  quiescent  as  before.  A  rhythmic  beat  may 
also  be  induced  during  the  stiindstill  by  applying  the  constant  current, 
during  the  action  ot  which  there  is  a  great  tendency  for  the  ventrtcle 
to  beat  before  the  auricles. 

Two  interpretations  have  been  offered  of  this  standstill.  It  has 
been  suggested  that  the  ligature  or  section  stimulates  the  endings  of 
the  vagus,  and  so  produces  inhibition.  This  is  disproved  by  the  fact 
that  the  standstill  appears  equilly  well,  whether  alropin  have  been 
previously  given  or  not.  According  to  the  other  view,  the  really  auto* 
matic  movements  of  the  heart  depend  on  the  ganglia  in  the  sinus,  the 
pulsations  which  appear  in  the  isolated  ventricle  or  auricles  being  in 
reality  reflex  pultiations,  or  pulsations  caused  by  some  stimulus  not 
really  automatic,  and  therefore  not  so  lasting  ;  or,  if  there  be  an  auto- 
matic apparatus  in  vcmtricleor  auricle,  it  is  kept  in  check  by  the  action 
of  the  inhibitory  apparatus  spoken  of  above,  and  only  makes  its  prb- 
sence  felt  on  some  stimulus  bcmg  applied.  This  view  again  is  disproved 
by  the  fact  that  if  the  sinus  be  gradually  separated  from  the  auricles,  no 
standstill  t^ikes  place.     The  whole  subject  needs  further  elucidation* 

Reflex  Inhibition.  This  inhibitory  action  of  the  vagus 
may  be  brought  about  by  reflex  action.  If  the  abdomen  of  a  fmg 
be  laid  bare,  and  the  intestine  be  struck  sharply,  as  with  the  handle 

•  rnUger's  Archiv,  IX.  (1874)  p.  83,     "  Journ,  PkyxioL  I,  11878)  P-  452- 
3  i^\^^^^'=^  Archiv,  1852,  p.  85. 

*  Muuk,  VcrhandL  Deri,  phynoi,  Ges^L  report<?d  in  Artkiof.  Ana/,  u,  Pkys^, 
1878,  p.  569. 


1  scalpel,  the  heart  will  stand  still  in  diastole  with  all  the  pheno- 
of  vagus  inhibition.      If  the  ncrvi  mcscnUrid  or  the  cotinec- 
IS  of  these  nerves  with  the  sympathetic  chain   be  stimulated 
rith   the  interrupted  current,  cardiac  inhibition  is  similarly  pro- 
iced.     If  in  ihise  two  experiments  both  vagi  are  divided,  or  the 
ledulla  oblongata  destroyed,  inhibition  is  not  produced,  however 
mch  either  the  intestine  or  the  mesenteric  nerves  be  stimulated, 
'his  shews  that  the  phenomena  are  caused  by  impulses  ascending 
long  the  mesenteric  nerves  to  the  medulla^  and  so  afi'ecting  a  por- 
>n  of  that  organ  as  to  give  rise  by  retlcx  action  to  impulses  which 
descend  the  vagi  as  inhibitory  impulses.     The   portion  of   the 
tuUa  thus  mediating  between  the  afferent  and  efferent  impulses 
ly  be  spoken  of  as  the  cardio-inhibitory  centre. 

If  the  peritoneal  surface  of   the  intestine  lie   inflamed,  very 

•ntle  stimulation  of  the  inflamed  surface  will  produce  marked 

ihibition  ;  and  in  general   the  alimentary  tract  seems  in  closer 

►nnection  with   the   cardio -inhibitory  centre  than  other  parts  of 

lebody;  but  ap()arcntly  stimuli  if  sufficiently  powerful  will  through 

lex  action  produce   inhibition  from  whatever  part  of  the  body 

ley  may  come.     Thus  crushing  a  frog's  foot  will  stop  the  hcirt. 

ourselves  the  fainting  from  emotion  or  from  severe  pain  is  the 

iuk  of  a  reflex  inh^b  tion  of  the  heart,  the  atferent  impulses  in 

ic  one  case  at  least,  and  probably  in  both  cases,  reaching  the 

led  u  I  la  from  the  brain. 

Direct  stimulation  of  the  centre  itself,  such  as  occurs  during 
the  destruction  of  or  results  from  injury  to  the  medulla,  of  course 
reduces  inhibition  ;   and  inhibition  through  one  vagus  may  be 
>ught  about  by  stimulation  of  the  central  end  of  the  other. 
Thus  by  nervous  links,  the  regulative  action  of  the  inhibitory 
:hanisni  is  brought  into  more  or  less  close  communion  with  all 
of  the  body. 

le  question  naturally  arises,  Has  this  cardio-inhibitory  centre  any 
constant  automatic  action  ? 

In  the  dog,  and  also,  though  to  a  far  less  extent,  in  the  rabbit,  scc- 
m  of  bi>(h  viigi  is  followed  by  a  quickening  of  the  heart's  beat, 
lis  result  may  be  interpreted  as  shewing  that  the  centre  in  the 
:duUa  exercises  a  permanent  restraining  influence  on  the  heart ;  that 

{an  in  fact  being  habituallv  curbed,     (The  argument  that  the  effects 

of  an  artificial  siimulaiion  of  the  vagus  soon  wear  off,  and  that  there- 
fore a  permanent  stimulation  of  the  vagi,  leading  to  permanent  m- 
ry  action,  would  be  impossible,  may  be  met  by  the  suggestion 
*e  effects  of  natural  stimulation  need  not  necessarily  wear  off.) 
^cvcr,  previous  to  the  section  of  the  vagi,  afferent  impulses  to 
lire  in  the  medulla  are  cut  off  by  the  section  of  the  spiiial  cord 
the  medulla,  and  by  division  of  the  cervical  sympathetic  chains 
F.  P.  13 
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no  acceleration  follows  the  division  of  the  vagi.  This  would  sheur 
ihai  the  action  of  the  medulla  in  this  matter  is  purely  reflex  and  not 
automaliL.  Such  an  experiment,  however,  intruciuces  many  sources  of 
error  ;  and  perhaps,  the  question  itself  ii  at  bottom  a  barren  one 
Granting,  however,  the  existence  of  a  centre  in  the  medulla,  which 
cither  automatically  or  otherwise  is  in  permanent  action,  it  is  obviously 
open  to  us  to  speak  of  reflex  inhibition  as  being  brought  about  by  in- 
fluenceia  which  augment  the  action  of  that  centre.  But  we  have  seen 
that  active  nervous  centres  are  subject,  not  only  to  augmentative,  but 
also  to  inhibitory  influences.  Hence  the  cardio-inhibitory  centre  might 
itself  be  inhibited  by  impulses  reaching  it  from  various  quarters.  In 
other  words,  the  beat  of  the  heart  might  be  quickened  by  a  Jcssen'mg 
of  the  nonnal  action  of  its  inhibitory  centre  m  the  medulla.  It  is  in 
fact  probable,  that  many  cases  of  quickening  of  the  heart's  beat  are 
pFoduced  in  this  way  ;  though  the  matter  requires  further  inA'estigation, 

Accelerator  nerves.  The  heart's  beat  may  in  the  mammal  be 
quickened,  even  after  division  of  both  vagi,  by  direct  stimulation  of 
the  cervical  spinal  cord.  The  effects  produced,  however,  are  I'ery 
complex,  and  led,  on  their  first  being  made  known,  lo  much  discussion, 
one  outcome  of  which  was  the  discover)^  of  certain  nerves  of  a  very 
peculiar  character,  which  pass  from  the  cervical  spinal  cord,  frequently 
along  the  nerve  accompanying  the  vertebral  artery,  and  reach  the 
heart  through  the  last  cervical  and  tirst  thoracic  ganglia;  these  have 
been  called  the  'accelerator  nerves.'  Their  course  is  different  in  the 
rabbit  and  in  the  dog,  see  Figs.  36  and  37,  and  indeed  varies  even  in 
the  same  kind  of  animal.  Stimulation  of  these  nerves  with  the  inter- 
rupted current  causes  a  quickening  of  the  heart's  beat,  in  which  what 
is  gained  in  rate  is  lost  in  force,  for  the  blood -pressure  is  not  necessarily 
increased,  but  may  remain  the  same,  or  even  be  diminished.  Not 
only  is  the  latent  period  of  the  action  of  these  nerves  considerable, 
but  it  moreover  takes  a  very  long  time,  as  much  as  10  seconds,  even 
with  ma.ximal  stimulation,  before  the  maximum  of  acceleration  is 
reached  (the  acceleration  often  continuing  after  the  stimulus  has  been 
removed)  and  the  decline  back  to  the  normal  pulse-rate  is  stiJl  slower. 
Stimulation  for  even  a  second  may  thus  produce  an  acceleration  lasting 
a  considerable  time.  These  accelerator  nerves  seem '  to  be  unaffectea 
by  the  various  poisons,  including  urari,  which  act  upon  the  vagus  and 
other  parts  of  the  nervous  system  of  the  heart,  and  arc  effective  in  the 
midst  of  profound  asphyxia.  Their  influence  is  closely  dependent  on 
temperature  ;  at  low  temperatures  their  influence  is  slight,  and  long  in 
making  its  appearance  ;  as  the  temperature  rises  their  action  becomes 
more  speedily  developed  and  more  powerful.  They  are  not  to  be 
considered  a^  antagonistic  to  the  vagi  ;  for  if  during  maximum  stimu- 
lation of  the  acceierator  nerves  the  vagus  be  stimulated,  even  with 
minimum  currents,  inhibition  is  produced  with  the  same  readiness  as  if 
these  were  not  acting'.    The  period  of  inhibition  however  is  followed 

*  Scbmiedcbcrg,  Ludvvig's /IrAnV^w,   1871. 

■  Baxt.  JJu  ^iuilmug  dcs  N,  vagus  sum  U.  actdiram^  Ludwig's  Arbeiin^ 
1875. 


a  period  of  acceJcralion  similar  to  that  produced  by  the  action  of 
le  accelerator  nlonc,  the  v.i|;^>  action  appearing  simply  to  suspend, 
luring  Hi  contmuance,  tlic  manitcsLatiori  ol  the  accelerator  action  but 
not  to  anaul  it.  Wc  know  at  present  Uttlc  concerning  the  share  whjch 
these  nerves  take  in  the  natural  action  of  the  ccono.ny.  If,  as  later 
researches  of  Haxt '  would  seem  to  shew,  their  accelerating  effect  is 


Tkk  t.A'^T  rwMvrcAt  ann  ftn^if  riinnACtC  G^n«lia  iw  t»i  Rahrit.  (Left  cidvi) 
(Sompwhat  diii|[TamiBAttc,  mavijr  of  ihe  variou*  bmncbe*  bein^  omitted-) 

*    *^'-   -'     1      Cn.  cafotid  xntry.    ti.  Hiliciaviitn  artery,     m,  t* '  -    "^      -  ■■  •      ,1-, 

Uryngeal.     ivm  the  cervical  *yrnpa:hctic  ntrvt  #  r  r 

/  e^rrf   inf     '1*>  roni*  of  fh*    R^ne'i""   «t«    »Sew  \  f 
-   '^  "        -*'Tcal  artrry.      f        -•      '    !rn{  the  oiu-    > 

'•'■.  llir   fir»f   t                          lion.     fl»  Iw  «- 

:i    titrmririd!    r.                      .11    afery   forrnn    ■  'f 


of  ihc  acccUmtor  ftttrea  i«  tn-1ic:»i«d  m  the  tiifura  by  the  arrow** 


letcrized  not  only  bv  a  diminution  of  the  diastole  but  aho  by  an 

lal  '^hortcninKof  the  cardiac  systole,  it  i'^obvion^;  that  the  quickening 

the  heart's  bc.u  pmiurcd  by  their  action  is  something  quite  different 

>m  the  quickening  indirectly  brought  about  by  a  dlininution  of  the 

tivity  of  the  r.trdio- inhibitory  centre.     Baxt  compares  their  action 


•  Archivf.  Ana/,  w.  /54//,  187S,  p.  I2t. 
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to  that  of  heat  directly  influencing  the  cardiac  tissues  ;  and  the  com- 
parison is  certainly  a  suggestive  one. 

Many  observers  have  obtained  an  acceleration  of  the  heart's  bcati 
upon  stimulation,  under  certain  circumstances,  of  the  trunk  of  the 
vagus.  And  Schiff^  maintains  that  the  accelerator  nerves  flescribcd 
above  come  from  the  vagus  and  not  from  the  spinal  cord. 


Fin.  37.     ThH   UAtST  CBRVICAL  AKD   IHRST  THOBACIC  G*J<OLtA   TK  THB  DoC 

The  cardinc  nerves  of  the  Dog.     The  fifnire  is  largely  dlasnunmntic,  vad  irprMcats  Uw 

left  side. 

IT.  aytti.  the  united  v»ffus  and  cervicHJ  wmpathetic  nerves.  jpL  ttrtt.  L  tYnt  infenor 
errvical  g:anfflioD  n.  v.  rhe  crmirntiation  of  the  tnink  of  the  v&gu«.  antt.  l',  the  two 
brsinrhcs  forming  the  tutnultis  of  Vi?us«ens  round  ihc  siibrUmn  artery,  art.  nti<l,  *ftd 
joining  c'-  '*•  A^  >  iW  first  iTioracic  or  stellate  ganglirjn  ('he  branch  running'  tn  front  of  llic 
artery  is  considered  hy  SchmieclrberK  lo  be  an  especial  channel  of  accelerator  fibres^  Mjrm. 
thproc,  the  syiMfinihetic  tnink  in  ibe  thorax,  r.  vtrt.  communicatinj;  branches  from  the  cer- 
vical nerve*  running  n1ong<iidc  the  vertebral  ariery,  the  rami  verteNmlcs-  n  rrc  ihe  recurrent 
IcuTDj^eaJ.  m,  c~  canliac  brajiche^  from  the  lower  cervical  ifunji lion.  mcceleraJor  nerve*  of 
Schauedebef^  n\  €'.  cardbc  branches  from  the  ftT%i  thoracic  pmc'ion.  accelerator  nervei  nl 
CyoQ.  «".  r*,  cardiac  branch  from  recirrrenf  nerve.  r.  rrc.  branch  from  low-cr  ccrvtca) 
gBfigUoo4o  the  recorrent  nerve,  often  containing  accelerator  fibres. 

The  heat  of  the  heart  may  also  be  modified  by  influences  hear- 
ing directly  on  the  nutrition  of  the  heart.  The  tissues  of  the 
heart,  like  all  other  tissues,  need  an  adequate  supply  of  blood  of 
ft  proper  quality  ;  if  the  blood  vary  in  quality  or  quantity  the  beat 
of  the  heart  is  correspondingly  affected*     The  excised  frog's  heait, 

•  Pfliiger's /f  »v^/y,  xvtvr,   (187S)  p.  172.     Sec  also  many  previoiw  papen 
there  qufdecl. 
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Bs  we  have  seen,  continues  to  beat  for  some  considerable  time, 
though  apparently  empty  of  blood  After  a  while  however  the 
beats  diminish  and  disappear ;  and  their  disappearance  is  greatly 
hasitncd  by  washing  out  ihe  heart  with  a  normal  saline  solution, 
which  when  allowed  to  flow  through  the  cavities  of  the  heart 
readily  permeates  the  tissues  on  act:ount  of  the  pecuhar  construe* 
lion  of  the  frog's  cardiac  walls.  If  such  a  *  washed  out '  quiescent 
heart  be  fed  in  the  manner  described  at  p  188,  with  diluted  blood 
(of  the  rabbit,  sheep.  Sic)  it  may  be  restored  to  functional  ac- 
tivity- A  similar  but  less  complete  restoration  may  be  witnessed 
if  scrum  be  used  instead  of  blood  ;  and  a  heart  fed  regularly  with 
fresh  supplies  of  blood  or  even  of  semm  may  be  kept  beating 
liar  a  very  great  length  of  time. 

The  bene5cial  action  seems  to  be  partly  due  to  the  alkaline  serum 
neutralizing  the  acids  continually  produced  by  the  muscular  con- 
tractions -,  for  dilute  alkaline  solutions,  ^jt,  gr.  a  solution  of  sodium 
hydrate  005  p.  c.  in  normal  saline  solution,  arc  even  more  efficient 
than  serums  Gaule*  furtlier  finds  that  the  beats  arc  assisted,  especiaJiy 
as  regards  their  force,  by  adding  to  the  alkaline  solution  a  trace  of 
peptone. 

When  the  heart  is  fed  with  rabbit's  serum,  the  beats,  whether 
^>ontaneous  or  provoked  by  stimulation^  are  apt  to  become  inter- 
mittent and  to  arrange  themselves  into  groups.  This  intermiitencc 
is  due  to  the  chemical  action  of  the  serum ;  and  it  is  probable  that 
caxdiac  intcrmittences  seen  during  life  have  often  a  similar  causa* 
tion.  Various  chemical  substances  m  the  blood,  natural  or 
morbid,  may  thus  affect  the  heart's  beat  by  acting  on  its  muscular 
fibres,  its  reflex  or  automatic  ganglia,  or  its  intrinsic  inhibitory 
>paratus. 
The  physical  or  mechanical  circumstances  of  the  heart  aUo 
"iiffect  its  beat ;  of  these  perhaps  the  most  important  is  the  amount 
of  the  distension  of  its  cavities.  1'he  contractions  of  cardiac 
luscle,  like  those  of  ordinary  muscle  (see  p.  91), -are  increased  up 
a  certain  limit  by  the  resistance  which  they  have  to  overcome  ; 
full  ventricle  vvill,  other  things  being  equal,  contract  more 
;orously  than  one  less  full ;  though,  as  m  muscle,  the  limit  at 
lich  resistance  is  beneficial  may  be  passed,  and  an  over-full 
itricic  will  cease  to  beat  at  all. 

The  induenccs  of  resistance  in  the  case  of  the  heart  are,  howervcTi 
more  complex  than  those  of  ordinary  muscle,  since  in  the  former  we 
bave  to  deal  with  Ihc  rate  as  well  as  the  vigour  of  the  beat. 


*  Meninovicz,  Lodvrig's  Artalem,   '^^ZSy  ?•  >32« 
,Mjfft^  1S78,  pc  391. 


Gaitle,  ArcA,  /,  Am^,  m, 
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Under  normal  conditions  the  ventricle  probably  empties  itself 
completely  at  each  systole.  Hence  an  increase  in  the  quantity 
of  blood  in  the  ventricle  would  augnnent  the  work  done  in  two 
ways  ;  the  quantity  thrown  out  would  be  greater,  and  the  increased 
quantity  would  be  ejected  with  greater  force.  Further,  since  the 
di':tension  of  the  ventricle  is  (at  the  commencement  of  the  systole 
It  all  events)  dependent  on  the  auricular  systole,,  the  work  of  the 
ventricle  (and  therefore  of  the  heart  as  a  whole)  is  in  a  measure 
governed  by  the  auricle,* 

The  relation  of  the  heart's  beat  to  blood-pressure. 
When  the  blood-pressure  is  high,  not  only  is  the  resistance  to  the 
ventricular  systole  increased,  but,  other  things  being  equal,  more 
blood  flows  through  the  coronary  artery.  Both  these  events  would 
increase  the  work  of  the  heart,  and  we  might  expect  that  tlie  in- 
crease would  be  manifest  in  the  rate  of  the  rhvthm  as  well  as  in 
the  force  of  the  individual  beats.  As  a  matter  of  fact,  however, 
we  do  not  find  this.  On  the  contrary,  as  Marey  has  insistetl,  the 
relation  of  heart-beat  to  pressure  may  be  put  almost  in  the  form 
of  a  law,  that  "the  rate  of  the  beat  is  in  inverse  ratio  to  the 
arterial  pressure ; "  a  rise  of  pressure  being  accompanied  by  a 
diminution,  and  fall  of  pressure  with  an  increase  of  the  pulse-rate. 
This  however'ouly  hoJds  gitod  if  the  vagi  be  mtact.  If  these  be  pre- 
viously divided,  the  11  in  whate\'er  way  the  blood  pressure  be  raised — 
whether  by  injecting  blood  or  clamping  the  aorta,  or  increasmg  the 
peripheral  resistance,  through  that  action  of  the  vaso-motor  nerves 
which  we  shall  have  to  describe  directly — ^or  in  whatever  way  it  be 
lowered,  no  very  clear  and  decided  relaiion  between  blood- pressure 
and  pulse-rate  is  obscrv^ed,*  It  is  interred  therefore  that  increased 
blood-pressure  causes  a  slowing  of  the  pulse,  when  the  vagi  are 
intact,  because  the  cardio-inhibitory  centre  in  the  nieduUa  is 
thereby  stimulated,  and  the  heart  in  consequence  to  a  cerlaiD 
extent  inhibited. 

\Vlien  the  blood-pressure,  after  section  of  the  vagi,  is  raised  by  the 
injection  of  additional  blood  or  by  clamping  the  aorta,  the  heart's 
beats  are  increased  in  strength,  as  shewn  by  the  larger  excursions  of 
ihe  manometer ;  the  fact  that  this  is  not  accompanied  by  any  change 
in  tlie  rate,  suggests  that  there  must  be  some  compensating  agency  at 
work.  Sometimes,  even  after  section  of  the  vagi,  a  slight  slowing  is 
observed  when  the  pressure  is  increased  ;  this  has  been  attributed  to 
the  action  of  the  increased  arterial  pressure  on  the  endings  of  the 
t'agus  fibres  in  the  heart  itself. 

»  Cf.  Roy,  Joum.  of  PA^s,  1.  (1878)  p,  452. 
*  Nawroekl,  Ltidwig's  Frst^aie,  p.  ccv. 
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77i0  Effects  ^n  the  Circulation  of  Changes  in  the  Hearths  Beat 

Any  variation  in  the  heart's  beat  directly  affects  ihe  blood- 
pressure  unless  some  compensating  influence  be  at  work.  The 
most  extreme  case  is  that  of  comjilete  inhibition,  I'hus  if,  while 
a  tracing  of  arterial  pressure  is  being  taken,  the  beat  of  the  heart 
be  suddenly  arrested,  some  such  curve  as  that  represented  in  Fig. 
38  will  be  obtained.  It  will  be  observed  that  immediately  after 
the  last  beat,  there  is  a  sudden  rapid  fall  of  the  blood-pressure, 
the  curve  described  by  the  float  more  or  less  closely  resembling  a 
parabola.  At  the  close  of  the  last  systole,  the  arterial  system  is 
at  its  maximum  of  distension ;  forthwith  the  elastic  reaction  of 
the  arterial  walls  propels  the  blood  forward  into  the  veins,  and 
there  being  no  fresh  fluid  injected  from  the  heart,  the  fall  of  the 
mercury  is  unbroken,  being  rapid  at  firsts  but  slower  afterwards,  as 
the  elastic  force  of  the  arterial  walls  is  more  and  more  used  up. 
With  the  returning  beats,  the  mercury  correspondingly  rises  in 
successive  leaps  until  the  normal  pressure  is  regained.  The  size 
of  these  returning  leaps  of  the  mercury  may  seem  extraordinary, 
Fig.  39,  but  it  niust  be  reraembered  that  by  far  the  greater  part  of 
e  force  of  the  first  few  strokes  of  the  heart  is  expended  in 
listending  the  arterial  system,  a  small  portion  only  of  the  blood 
which  is  ejected  into  the  arteries  passing  on  into  the  vems.  As 
the  arterial  pressure  rises,  more  and  more  blood  passes  at  each 
beat  through  the  capillaries,  and  the  rise  of  the  mercury  at  each 
beat  l)ecomes  loss  and  less,  until  at  last  the  whole  contents  of  the 
ventricle  pass  at  each  stroke  into  the  veins,  and  the  mean  arterial 
nrcssure  is  established.  To  this  it  may  be  added,  that  the  force 
of  the  individual  beats  is  somewhat  greater  after  than  before 
inhibition  ;  that  is  to  say,  the  period  of  depression  is  followed  by 
a  period  of  reaction,  of  exaltation.  Besides,  the  inertia  of  the 
mercur)'  tends  to  magnify  the  effects  of  the  initial  beats. 

If  while  the  force  of  the  individual  beats  remains  constant  the 
fre<]uency  is  increased  or  diminished— and  vice  versa^  if  while  the 
frequency  remains  the  same  the  force  is  increased  or  diminished^ — 
the  pressure  is  proportionately  increased  or  diminished.  This 
clearly  must  be  the  case ;  but  obviously  it  is  quite  possible  that 
the  beats  might,  while  more  frequent,  so  lose  in  force,  or  while  less 
frequent,  so  increase  in  force,  that  no  difference  in  the  mean 
pressure  should  result.  And  this  indeed  is  not  unfrcquenliy  the 
case.  So  much  so,  that  variations  in  the  heart-beat  must  always 
be  looked  uf^on  as  a  far  less  important  factor  of  blocd*preK9ure 
than  the  peripheral  resistance* 
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Thus  when  the  heart's  beat  is  quickened  by  stimulation  of  tlie 
accelerator,  no  increase  in  the  blood -pressure  is  observed.  This^  in 
the  absence  of  any  peripheral  changes,  must  result  from  a  propottiooate 
diminution  of  the  force  of  the  individual  strokes. 


;.  |S.  TKAaHG,  sKswirrc  tkb  inplvknoi  op  Cabbiac  iNHinmoN  ok  Blood-pubcvib. 

FnOM  A  Rabsit.  ^ 

The  carrent  wm  thrown  bio  the  mgUB  nt  a  and  shut  off  at  *.     It  will  be  obsctred  thst 
:  bent  is  Rcordcd  after  tlie  comnienoeinent  of  the  stimulation.     Then  foUows  n  vety  rapid 
coDtinuini^:  after  the  cesaatioD  of  the  stiniulus.     With  the  ntumiAg  beaCs^  the  mtrcurj 
rises  hy  kap»  until  the  nomiAl  pressure  is  reKained. 

An  increase  in  the  quantity  of  blood  ejected  at  each  beat  mus^f 
necessarily  augment,  and  a  decrease  diminish,  the  blood- pressure^ ^^ 
other  things  remaining  the  same.  But  the  quantity  sent  out  at 
each  beat,  on  the  supposition  that  the  ventricle  always  emptier 
itself  at  each  systole,  will  depend  on  the  quantity  entering  into 
the  ventricle  during  each  diastole,  and  that  will  be  determined 
the  circumstances  not  of  the  heart  itself,  but  of  some  other 
or  parts  of  the  body. 

Sec  5.    Changes  in  the  Calibre  of  the  Minute  A 
VasO'Motor  Actions. 

The  middle  coat  of  all  arteries  contains  circularly  dispose 
plain  muscular  fibres.     As  the  arteries  become  smaller,  the 
cular  element  becomes  more  and  more  prominent  as  compa' 
with  the  elastic  element,  until,  in  the  minute  arteries,  the 
coat  consists  entirely  of  a  scries  of  plain  muscular  fibres  wrappe 
round  the  clastic  internal  coat.  •  Nerve- fibres   belonging   to   the 
sytniiathetic  system  are  distributed  largely  to    blood-vessels,  b 
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their  terminations  have  not  as  yet  been  clearly  mat'c  out.  By 
galvanic,  or  still  better  by  mechanical  stimulation,  this  muscular 
€x>at  may,  in  the  living  artery^  be  made  to  contrail.     During  this 


i-i-JL 


I  «  I  , 


fta  jg^    BijOO]>Prbssvk»  Diikino  Caboiac  Ixiiibitiom.    Fjhou  a  I>oa. 
CThc  uvidng  reads  6001  right  to  left.) 


'>e  iiiM  T  itulicates  the  velocity  at  which  iIk  ROmliBC  MiCkce  was  t»%«Ilini(.  the  9*r- 

'T^  marking  seronds.     Ilie  Uiw  S  indicates  dm  applimipa  o(  the  slimultui,  an  inter- 

\  comui  ht'iDf  thrown  into  the  va^us  duriiHr  *1xb  hraJc  in  the  liix.    It  will  be  noUcrd 

ihax  us  thU  caac,  the  ttimulus  being  coimHtativtlr  vcak,  tha  «#ect  b  ratbtf  an  extreme  slowinc 

•bn  an  a£iuA]  cess»tion  ofihe  bcatb    The  latx*lcmpa  of  the  meronfy,  jy  tmnmd  partly  by  the 

>  of  the  beau,  an  Toy  compicuotu*  Indeed  uniMwdly  fause. 


cDontraction,  which  has  the  slow  character  belonging  to  the 
contractions  of  all  plain  muscle,  the  calibre  of  the  vessel  19 
diminished. 

If  the  web  of  a  frog's  foot  be  examined  under  the  microscope^ 
•Of  individual  small  artery  will  be  fomid  to  vary  in  calibre,  being 
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sometimes  narrowed  and  sometimes  diiaieii.  Daring  ihe  narrow 
ing,  which  is  obviously  due  to  a  contraction  of  the  muscular  coat 
of  the  artery,  the  attached  capillary  area  wiih  the  coire&iXHidixigi 
veins  becomes  less  filled  with  blood,  and  paler.  During  the  stage 
of  dilation,  which  corresponds  to  the  relaxation  of  the  muscular 
coat,  the  same  parts  are  fuller  of  blood  and  redder.  It  is  obvious 
that,  the  pressure  at  the  entrance  into  any  given  artery  renaamiiig 
the  same,  more  blood  will  enter  the  artery  when  relaxation  take*  h 
place  and  consequently  the  resistance  offered  by  the  artery  b'H 
lessened,  and  less  when  contraction  occurs  and  the  resisunce  is 
consequently  increased.  The  blood  always  flows  in  the  direction 
of  least  resistance* 

The  small  arteries  frequently  manifest  what  may  be  called  spon- 
taneous variations  in  their  calibre,  aiid  these  vdriations  are  very  apt  tol 
take  on  a  distinctly  rhythmical  character.  If  a  small  arter)-  in  the 
web  of  the  frog  be  carefully  watched,  it  will  be  seen  from  time  to  time! 
to  vary  very  considerably  in  width,  without  any  obvious  change  taking! 
place  in  the  hcari-s  beat  or  any  events  occurring  in  the  general  vaso- 
motor system.  Similar  variations  may  be  witnessed  in  the  vessels  of 
the  mescn'.ery  of  a  majumal. 

The  most  striking  and  most  easily  observed  instance  of  rhyThmicaL] 
constriction  and  dilation  is  to  be  found  in  the  median  artery  of  the  ear^ 
of  the  rabbit.     If  the  ear  beheld  up  before  the  light,  it  will  be  seen' 
that  at  one  moment  the  artery  appears  as  a  delicate  hardly  visible  palei 
streak,  the  whole  car  being  at  the  same  time  pallid.     After  a  while  the] 
artery  slowly  widens  out,  becomes  thick  and  red,  the  u hole  car  blushing,! 
and  many  small  vessels  previously  invisible  coming  into  view.     Again 
the  artery  narrows  and  the  blush  fades  away;  and  this  may  be  rcpcaicii 
at  somewhat  irregular  intervals  several  times  a  minute.    The  extent  and. 
regularity  of  the  rhyihm  aie  usually  markedly  increased  if  the  rabbit  be 
held  up  by  the  ears  for  a  short  time  previous  to  the  observalioo.    If  the 
sympathetic  be  severed,  the^e  rhythmic  movements  cease  for  a  time; 
but  in  the  course  uf  a  few  days  are  re  e^^tablished,  even  if  (he  superior 
cervical  ganglion  be  removed.     Thus,  ihmigh  nonually  dependent  on 
the  central  nervous  system  (unless  we  suppose  that  the  mere  section 
of  the  nerve  is  sufficient  to  create  a  shock  lasting  several  days)  these 
rhythmic  movements   can   nnke   their  appearance   independently  of 
that  system.     Some  local  mechanism  is  therefore  suggested;  and  yet 
no  ganglionic  cells  have  been  discovered  which  would  serve  a-i  such  a 
mechanism.     Similar  rhythmic  variations  in  the  c  dibre  of  the  urteriei^ 
have  been  observed  in  several  places,  ex,  jp',  in  the  saphena  artery  ol 
the  rabbit,  in  the  axillary  artery  of  the  tortoise,  and  in  the  small  arteries 
of  the  muscles  of  tlie  frog  ;  probably  they  are  widely  spread.     They 
may  be  compared  with  the  rhythmic  movements  of  the  veins  in  thej 
bat's  wing  and  of  the  caudal  vein  of  the  ecL 


The  extent  and  intensity  of  the  constriction  or  dilation  arc 
found  to  vary  very  largely.     Irregular  variations  of  slight  extent 
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rv^Ven  when  the  animal  is  apparently  subjected  to  no  tlisturb- 
les ;  while  as  ihu  result  of  experimental  interference  the 
arteries  may  become  either  constricted,  in  some  cases  almost  to 
obliteration,  or  dilated  until  they  acquire  double  or  more  than 
loublc  ihdr  nonnal  diameter.  This  constriction  or  dilation  may 
brought  about  not  only  by  treatment  apphed  directly  to  the  web, 
>ut  abo  by  changes  afteciing  the  nerve  of  the  leg.  Thus  section 
H  the  .sciatic  nerve  is  generally  followed  by  a  very  marked  dilation, 
rbile  stimulation  of  the  peripheral  stump  of  the  divided  nerve  by 
interrupted  current  of  moderate  intensity,  is  followed  by  acon- 
riction,  often  so  great  as  almost  to  obliterate  some  of  the  minute 
^luteries. 

These  facts  shew  that  the  contractile  elements  of  the  minute 
teries  of  the  web  of  the  frog's  foot  are  capable  by  contraction  or 
rlaxation  of  causing  constriction  or  dilation  of  the  calibre  of  the 
teries  -,  and  that  this  condition  of  constriction  or  dilation  may 
>c  brought  about  through  the  agency  of  nerves. 

These  effects  are  not  absolutely  constant.  Sometimes  the  dilation 
►Uowing  upon  section  is  oreceded  by  a  passing  constriction,  and 
»mctimcs  the  section  is  lollowed  by  no  di^tmct  alteration  in  the 
ilibrc  of  the  vessels  of  the  web  beyond  perhaps  an  initial  constrictioru 
»omeiime:i  the  constriction  consequent  on  stimulation  is  followed  by  a 
ilaliun,  which  may  or  may  not  be  marked  The  constriction  of  the 
Icrics  of  the  web  as  the  result  of  nerve  stimulation,  is  more  certain 
fhen  the  small  nerve  supplying  the  fuot  is  operated  on,  than  when  the 
lain  trunk  of  the  sciatic  is  stimulated  high  up.  We  shall,  later  on, 
Iscuss  the  nature  of  these  variations. 

Vaso-motor  nerves.  In  warm-blooded  animals,  lhoui»h 
cannot  readily,  as  in  the  frog,  watch  the  circulation  under  the 
icroscope,  we  have  abundant  evidence  of  the  intluence  of  the 
us  system  on  the  cahbre  of  the  arteries.  Thus,  in  the 
imal,  division  of  the  ccr\ical  sympathetic  on  one  side  of  the 
causes  a  dilation  of  the  minute  arteries  of  the  head  on  the 
side,  shewn  by  an  increased  supply  of  blood  to  the  p^rts, 
the  experiment  be  performed  on  a  rabbit,  the  effect  on  the 
trcuLition  in  the  ear  is  very  striking.  The  whole  ear  of  the  side 
peratcd  on  is  much  redder  than  normal,  its  arteries  are  obviously 
ilated,  its  veins  unusually  full,  innumerable  minute  vessels  before 
visible  come  into  view,  and  the  temperature  may  be  more  than 
degree  higher  than  on  the  other  side. 
Division  of  the  sciatic  nerve  in  a  mammal  causes  a  similar 
tion  of  the  small  arteries  of  the  foot  and  leg.  Where  tlie 
ttion  of  the  circulation  can  be  readily  examined,  as  for 
CC  in  the  hairicss  balls  o(  the  toes,  esptiiatlv  wlun  ihesc 


VASO-MOTOR  NERVES.  [fi 

are  not  pigmented,  the  vessels  are  scea  to  be  dilated  and  injected; 
and  a  thermometer  placed  between  the  toes  shews  a  risu  of  tem- 
perature amounting,  it  may  be,  to  several  degrees.  Division  of 
the  brachial  plexus  produces  a  sioiliar  dilation  of  the  blood-vessels 
of  the  front  limb.  Division  of  the  splanchnic  ner\'e  produces  a 
dilation  of  the  blood-vessels  of  the  intestines  atid  other  abdominal 
viscera.  Division  in  the  mammal  of  the  lingual  nerve  on  one  side 
of  the  head,  causes  a  dilation  of  the  vessels  in  the  corresponding 
half  of  the  tongue.  A  similar  effect  follows  division  of  the  hyix>- 
glossal ;  and  if  both  lingual  and  hypoglossal  be  severed,  the  effect 
is  still  more  marked. 

Division  of  a  nerve  supplpng  a  muscle  causes  a  large  and 
sudden  increase  in  the  venous  flow  from  the  muscle,  indicating 
that  the  muscular  arteries  have  become  dilated ;  and  in  the  frog 
this  dilation,  consequent  on  section  of  the  nerve,  may  be  actually 
observed  by  placing  a  thin  muscle  such  as  the  mylo-hyoid  imdcr 
the  microscope  and  watching  the  calibre  of  the  small  arteries  and  the 
circukitioii  of  the  blood  through  them  while  the  nerve  is  being  cut. 

We  find  in  fact  that  in  almost  all  parts  of  the  body  certain 
'vascular  areas'  stand  in  such  a  relation  to  certain  nerves  that  the 
division  of  one  of  these  nerves  causes  a  dilation  of  the  minute 
arteries  in,  and  consequently  an  increased  supply  of  blood  to,  a 
corresponding  vascular  area.  We  may  speak  of  these  nen^es  as 
*vaso-motor'  nerves,  or  more  correctly  since  in  the  vast  majority 
of  cases  the  nerves  in  question  have  other  functions  than  that  of 
governing  arteries,  as  containing  vasomotor  fibres,  much  in  the 
same  way  as  an  ordinary  spinal  nerve  is  spoken  of  as  containing 
sensory  and  motor  fibres ;  and  from  what  has  been  said  above  it 
is  evident  that  these  vaso-motor  fibres  are  found  sometimes  in 
sympathetic,  sometimes  in  cerebro-spinal  nerves. 

Since  division  of  a  vaso-motor  nerve,  or  nerve  containing  vaso- 
motor fibres,  leads  to  the  dilation  of  the  arteries  of  its  a]»propriate 
vascular  area,  it  is  obvious  that  previous  to  that  division  these 
arteries  were  in  a  state  of  permanent  constriction,  due  to  a  per- 
manent contraction  of  their  muscular  coats.  This  permanent  con- 
stnctJon,  which  may  vary  considerably  in  degree  (the  dilating 
effects  of  section  of  the  vaso-motor  nerve  correspondingly  varying 
in  amount),  is  spoken  of  as  '  tone/  *  arterial  tone/  Arteries  in 
such  a  state  of  permanent  constriction  as  under  ordinary  circum- 
stances is  normal  to  arteries  whose  \^aso-motor  fibres  have  not 
been  divided  and  which  are  otherwise  in  a  normal  condition,  arc 
said  to  *  possess  tone/  When,  as  after  division  of  the  vaso-motor 
fibres,  the  constriction  gives  place  to  dilation  the  arteries  are  said 
have  *  lost  tone/  and  when,  under  various  circumstances  which 
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wc  shall  study  hereafter,  the  constriction  becomes  greater  than 
sormal^  ihcir  lone  is  said  to  be  increased, 

A  very  little  consideration  will  shew  that  this  arterial  tone  is 
a  most  important  factor  in  the  circulation.     In  the  first  place  the 
whole  fluw  of  blood  in  the  body  is  adapted  to  and  governed  by 
what  we  may  call  i\\G  general  tone  of  the  arteries  of  the  body  at 
e.     In  a  normal  condition  of  the  body,  if   not  all,  at   least 
e  vast  majority  of  the  minute  aiteries  of  the  body  are  in  a  state 
tonic,  i.e.  of  moderate,  cunsiriction,  and  it  is  the  narrowing  due 
this  constriction  which  forms  a  large  item  of  that  peripheral 
resistance  which  we  have  seen  (p.  149)  to  be  one  of  the  two  great 
factors  of  blood- pressure.      The  n<jmial  general    blood- pressure, 
and  therefore  the  normal  flow  of  blood,  is  in  fact  dei>endent  on 
the  'general  lone'  of  the  minute  arteries.     In  the  second  place, 
changes  in  lo^aJ  tone,  i.e.  the  tone  of  any  particular  vascular  area, 
have  very  decided  effects  on  the  circulation.     These  eflects  are 
both  local  and  general,  as  the  following  considerations  will  shew« 
Let  us  suppose  that  the  artery  .<^  is  in  a  condition  of  normal 
ne,  is  midway  between  extreme  constriction  and  dilation.     The 
m  through  A  is  determined  by  the  resistance  in  A  and  in  the 
ular  tract  which  it  supplies,  in  relation  to  the  mean  artyrial 
pres&ure,  which  again  is  dependent  on  the  way  in  which  the  heart  is 
beating  and  on  the  peripheral  resistance  of  all  the  small  arteries 
and  capillaries,  A  included.     If,  while  the  heart  and  the  rest  of 
e  arteries  remain  unchanged,  A  be  constricted,  the  peripheral 
istance  in  A  will  increase,  and  this  increase  of  resistance  will 
d  to  an  increase  of  the  general  arterial  pressure.     This  increase 
pressure  will  tend  to  cause  the  blood  in  the  body  at  large  to 
ow  more  rapidly  from  the  arteries  into  the  veins.     The  constric- 
tion of  A  however  will  prevent  any  increase  of  the  flow  through  it, 
in  fact  will  make  the  flow  through  it  less  than  before.     Hence  the 
whole  increase  of  discharge  from  the  arterial  into  the  venous  system 
must   take  place  through  channels  other   than  A.     Thus  as  the 
result  of  the  constriction  of  any  artery  there  occur,  (i)  diminished 
)w  through  the  artery  itself,  (2)  increased  general  arterial  pressure, 
ading  to  (5)  increased  flow  through  the  other  arteries.     If,  on  the 
Other  hand,  A  be  dilated,  while  the  heart  and  other  arteries  remain 
unchanged,  the  peripheral  resistance  in  A  is  diminished.    This  leads 
a  lowering  of  the  general  arterial  pressure,  which  in  turn  causes 
e  blood  to  flow  less  rapidly  from  the  arteries  into  the  veins.     The 
ilation  of  A  however  permits,  even  with  the  lowered  pressure, 
ore  blood  to  pass  through  it  than  before.     Hence  the  diminishe*! 
tells  all  the  more  on  the  rest  of  the  arteries.     Thus,  as  the 
It  of  the  dilation  of  any  artery,  there  occur  (1)  increased  flow 
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of  blood  through  the  artery  itself,  (2)  diminished  general  pressure 
and  {3)  diminished  flow  through  the  other  arteries.  Where  the 
artery  thus  coDstricted  or  dilated  is  small^  the  local  effect,  the  di- 
minution or  increase  of  flow  through  itself,  is  much  more  marked 
than  the  general  etifects,  the  change  in  blood-pressure  and  the  flow 
tJirough  other  arteries.  When,  however,  the  area  the  arteries  ai 
which  are  affected  la  large,  the  general  effects  are  very  striking. 
Thus  if  while  a  tracing  of  the  blood- pressure  is  being  taken  by 
means  of  a  monometer  connected  with  the  carotid  aiicry,  the 
splanchnic  nerves  be  divided,  a  conspicuous  but  steady  fall  of 
pressure  is  observed,  very  similar  to  that  which  is  seen  in  Fig.  40. 
The  section  of  the  splanchnic  nerves  causes  the  mesenteric  and 
other  abdominal  arteries  to  dilate,  and  these  being  very  numerous, 
a  large  amount  of  peripheral  resistance  is  taken  away,  and  the 
blood-pressure  falls  accordingly ;  a  large  increase  of  flow  into  the 
portal  veins  takes  place,  and  the  supply  of  blood  to  the  face,  amis, 
and  legs  is  proportionally  diminishetl  It  will  be  observed  that  the 
dilation  of  the  arteries  is  not  instanianeous  but  somewhat  gradual, 
the  pressure  sinking  not  abruptly  but  with  a  gentle  curve. 

Arterial  tone  then,  both  general  and  local,  is  a  powerful  in- 
strument for  determining  the  flow  of  blood  to  the  various  orgajis 
and  tissues  of  the  body,  and  thus  becomes  a  means  of  indirectly 
influencing  their  functional  activity.  We  should  accordingly  ex- 
pect to  find  that  the  vasomotor  nerves  were  connected  wiih,  and 
arterial  tone  regulated  by,  the  central  nerv^ous  system,  in  order  ilui 
the  calibre  of  the  arteries  of,  and  the  supply  of  bloorl  sent  to,  this 
or  that  vascular  area  might  be  varied  according  to  the  varying  needs 
of  the  economy.     And  experiment  proves  this  to  be  the  case. 

W^e  stated  that  section  of  the  cervical  sympathetic  in  the  neck 
causes  dilation  or  loss  of  tone  in  the  blood-vessels  of  the  head  and 
liace.  Tins  is  true  at  whatever  point  of  the  course  of  the  ner^c 
from  the  upper  to  the  lower  cervical  ganglion,  both  included,  the 
section  be  made.  No  such  dilation  of  the  vessels  of  the  head  and 
face  takes  pLice  when  the  thoracic  sympathetic  chain  is  divided 
anywhere  below  the  upper  thoracic  ganglion ;  but  dilation  does 
occur  after  division  of  certain  of  the  ramt  commumcanUs  connect* 
ing  the  spinal  cord  with  the  cervical  sympathetic  through  the  lower 
cervical  or  upper  thoracic  gangUon.  Hence  it  is  clear  that  the 
normal  tone  of  the  arteries  of  the  head  and  face  is  maintained  by 
influences  (whose  exact  nature  we  shall  study  presently)  proceeding 
from  the  central  nervous  system,  passing  through  certain  rami 
^^cmmunuantts  (the  exact  path  being  somewhat  uncertain  or  possibly 
not  constant)  into  the  cervical  sympathetic,  and  ascending  to  the 
head  and  fiace  by  that  nerve.     In  other  words,  the  va so  motor 
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fibres  of  ihc  vessels  of  the  head  and  face  may  be  traced  down  the 
syin  path  otic  to  the  lower  cervical  ganglion,  and  thence  by  rami 
£fimmunkanUs  into  the  spinal  cord. 

In  a  similar  manner  the  vaso-motor  fibres  of  the  splanchnic 
acnres  governing  the  raesenleric  and  other  abdominal  arteries  can 
abo  be  traced  into  the  spinal  cord,  as  may  also  those  of  the  sciatic 
governing  the  blood-vessels  of  the  hJnd  limb  and  of  the  brachial 
nerves  governing  those  of  the  furc  limb.  In  fact  all  the  vaso-moior 
fibres  (with  certain  special  exceptions  which  will  be  discussed 
presently)  may  thus  be  traced  into  the  spinal  cord  ;  they  are  all 
connected  with  the  central  nervous  system*  There  is  at  present 
some  uncertainty  in  certain  cases  as  to  the  exact  manner  in  which  the 
fibres  pass  from  the  spinal  cord  to  this  or  that  nerve^  as,  for  instance, 
along  which  nerve-roots  the  vaso-motor  fibres  eventually  joining 
the  sciatic  trunk  run^  whether  they  all  pass  on  their  way  into  the 

R spinal  sympathetic  or  no,  and  the  like  ;  but  these  are  questions 
^B  need  not  delay  us  now  ;  in  whichever  way  they  may  be 
Itled,  ihty  do  not  affect  the  important  fact  that  in  some  way  or 
her  all  vascnmotor  fibres  spring  from  the  central  nervous  system, 
*  ii\  that  (with  certain  special  exce|>tions)  what  we  have  called 
the  normal  tone  of  the  various  vascular  areas  is  maintained  by 
influences  proceeding  from  the  central  nervous  system. 

Far    more   important   however  than   the   maintenance  of  a 

normal  tone,  which  indeed  might  be  at  once  and  for  ever  arranged 

for  by  the  proper  natural  calibre  of  the  elastic  blood-vessels,  is  the 

power  which  the  central  nervous  system  possesses  of  varying  the 

ne  of  this  or  that  artery  or  group  of  arteries,  of  increasing  it  or 

diminishing;  it,  of  producing  constriction  or  dilation  in  those 

cries,  and  thtts,  as   we  have  seen  p.  205,  of  effecting  changes 

general  or  local  blood-pressure  or  in  both,  and  consequently  of 

termining  a  flow  of  blood  in  this  or  that  direction,  according 

the  nced«i  of  the  economy.     And  the  exercise  of  this  carefully 

ranged  manipulation  of  the  muscular  walls  of  the  arteries  may 

called  forth  in  either  direction,  in  the  way  of  constriction,  or 

the  way  of  dilation  (or  of  both  at  the  same  time,  one  in  one 

and  the  other  in  others),  by  means  of  nervous  impulses  either 

^    in    the   central   nervous  system    itself  or  started  by 

Impulses  passing  up  to  the  central  nervous  system  from 

uic  sentient  surface. 

Ellushmg  is  a  faniiliar  instance  of  vascular  dilation  brought 
lout  by  the  action   of  the  central  nervous   system.      Nervous 
[luises  started  in  some  parts  of  the  brajn  by  an  emotion  pro- 
duce certain  changes  in  the  central   nervous  system  (the  ennct 
paiur.    ind  locality  of  these  changes  we  shall  discuss  presently) 
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which  liave  in  turn  an  effect  on  the  vasomotor  fibres  of  the 
cervical  sympathetic  almost  exactly  the  same  as  that  produced  by 
section  of  the  nerve.  In  consequence  the  muscular  w'alls  of  ihe 
arteries  of  the  head  and  face  relax,  the  arteries  dilate  and  ihe 
whole  region  becomes  suffused.  Sometimes  an  emotion  gives 
rise  not  to  blushing  but  to  the  opposite  pallor.  In  a  great 
number  of  castas  this  has  quite  a  different  cause,  being  due  to  a 
sudden  diminution  or  even  temjxjrary  arrest  of  the  heart's  beats; 
but  in  some  cases  it  may  occur  without  any  change  in  the  beat 
of  the  heart,  and  is  then  due  to  a  condition  the  very  converse  of 
that  of  blushing,  that  is,  to  an  increased  arterial  constriction  ;  and 
this  increased  constriction,  like  the  dilation  of  blushing,  is  effected 
through  the  agency  of  the  central  nervous  system  and  the  cer- 
vical sympathetic  These  are  familiar  examples,  but  we  have  in 
abundance  exact  experimental  evidence  of  the  effect  of  afferent 
impulses  in  inducing  through  the  central  nervous  system  vaso- 
motor changes  and  thus  bringing  about  soraerimes  constriction, 
sometimes  dilation,  sometimes  the  two  together.  The  action  of 
the  so-called  depressor  nerve  is  a  striking  instance  of  reflex 
dilation  as  it  may  be  called. 

If  while  the  pressure  in  an  artery  such  as  the  carotid  is  being 
registered,  the  depressor  nerve,  which  is  a  branch  of  the  vagus 
running  alongside  the  carotid  artery  and  symi^athetic  nerve 
(Fig.  36,  fi.  dcp.\  be  divided,  and  its  central  end  (i>.  the  one 
connected  with  the  brain)  be  stimulated  with  the  interrupted 
current,  a  gradual  but  marked  fall  of  pressure  in  the  carotid  is 
observed,  lasting,  where  the  period  of  siinmlation  is  short,  some 
time  after  the  removal  of  the  stimulus  (Fig.  40).  Since  the  beat 
of  the  heart  is  not  markedly  changed,  the  fall  of  pressure  must  be 
due  to  the  diminution  of  peripheral  resistance  occasioned  by  the 
dilation  of  some  arteries.  And  there  is  evidence  that  the 
arteries  thus  dilated  arc  chiefly  if  not  exclusively  those  arteries  of 
the  abdominal  viscera  w^hich  are  governed  by  the  splanchnic  nerve. 
For  if  both  the  splanchnic  nerves  are  divided  previous  to  the 
experiment,  the  fall  of  pressure  when  the  depressor  is  stimulated 
Is  very  small,  in  fact  almost  insignificant  The  inference  from 
this  is  clear ;  the  afferent  impulses  passing  along  the  depressor 
have  so  affected  some  part  of  the  central  nervous  system  that 
the  influences  which,  in  a  normal  condition  of  things,  passing 
along  the  splanchnic  nerves  keep  the  minute  arteries  of  the 
nhdominal  viscera  in  a  state  of  moderate  tonic  constriction,  fail 
altogether,  and  those  arteries  in  consequence  dilate  just  as  they  do 
when  the  splanchnic  nerves  are  divided,  the  effect  being  possibly 
increased  by  the  similar  dilarion  of  other  smaller  vascular  areas. 
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The  condition  of  the  splanchnic  or  other  vascular  areas  may 
moreover  be  changed,  and  thus  tlie  general  blood-pressure 
modified,  by  afferent  impulses  passing  along  other  nerves  than 
the  depressor,  the  modification  takmg  on  according  to  circum- 
ctuices  the  form  either  of  decrease  or  of  increase. 

Thus,  if  in  an  animal  placed  under  the  influence  of  urari  the 
central  stump  of  the  divided  sciatic  nerve  be  stimulated,  an 
increase  of  blood-pressure,  almost  exactly  the  reverse  of  the 
decrease  brought  about  by  stimulating  the  depressor,  is  observed. 


Wn,  «0b     Tkacimo  shvwiho  tks  ErrccT  on  Suxn»-Ma»vftK  oy  STiicinATtifo  tns 
C^KTBAt.  Emp  or  THK  DnrRcstojt  Nbktk  ih  thb  Kadbit. 

Cfo  be  read  frois  right  to  left.) 

7*i»l(faf««  »1»*  rn«e  al  which  iht  ncordinir  stirfcw*  was  tnvcthng  ;  the  inftenrali  auuied 

*  '  '       C  iKe  moment  at  *hich  the  currcm  w»»  tHrnwn  into  the  nefre  ;  O  the 

vhuT  ofT.      I'he  tfftct  u  %->me  time  in  drvejopiog  and  Usu  aiier  ih* 

■I'i.    'Ihc  brger  undulaticMU  are  th«  respiiatory  curvts:; — llie  pulse* 

U^lIO^^  arc  very  ^nuilL 

The  curve  of  the  blood-pressure,  after  a  latent  period  during 
which  no  changes  are  visible,  rises  steadily  without  any  corrc- 
si>onding  change  in  the  heart's  beat,  reaches  a  maximum  and 
after  a  while  slowly  falls  again,  the  fall  sometimes  beginning  to 
appear  bctore  the  stimulus  has  been  removed.  There  can  be  no 
doubt  that  the  rise  of  pressure  is  due  to  the  constriction  of  certain 
arteries:  the  arteries  in  question  bemg  those  of  the  splanchnic 
liea  certainly,  and  possibly  of  other  vascular  areas  as  well.  The 
effect  is  not  confined  to  the  sciatic ;  stimulation  of  any  nerve 
containing  afferent  tibres  will  produce  the  same  rise  of  pressure^ 
r  P.  14 
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and  so  constaiit  is  the  result  that  the  experiment  may  be  made 
use  of  as  a  method  for  determining  the  existence  of  afferent 
fibres  in  any  given  nen'c  and  even  the  paths  of  centnpetal 
impulses  through  the  spinal  cord. 

If,  on  the  other  hand,  the  animal  be  under  not  urari  but 
chloral,  instead  of  a  rise  of  blood-pressure  a  fall,  quite  similar  to 
that  caused  by  stimulating  the  depressor,  is  observed  when  an 
afferent  nerve  is  stimulated.  The  condition  of  the  central 
nervous  system  seems  to  determine  whether  the  reflex  effect  on 
the  vaso-motor  fibres  is  in  the  direction  of  constriction  leaduig  to 
a  rise,  or  of  dilation  leading  to  a  fall  of  blood-pressure. 

The  causes  of  the  difference  between  chloral  and  urari  are  not  y« 
clearly  worked  ouL  VariatHms  in  respiration  will  not  explain  it  Nor 
can  the  solution  be  found  by  supposing  that  in  urari  poisoning  cerebral 
functions  are  aclive  while  in  chloral  poisoning  they  are  in  abeyance. 
If  the  brain  be  removed  without  much  bleeding,  subsequent  sttmularion 
of  a  sensory  nerve  under  urari  still  gives  a  rise  of  pressure,  U  there 
be  much  bleeding  however  a  fall  is  witnessed.  This  suggests  the  idea 
that  after  bleeding^  and  under  chloral,  the  part  of  the  central  nervous 
system  concerned  in  the  action,  and  serving  a  ncnous  centre,  is 
enfeebled  or  exhaiisted,  and  that  stimulation  of  the  enfeebled  or  ^ 
exhausted  centre  ahvays  causes  depression  This  view  is  support e<^^J 
by  the  fact,  that  in  ordinary  stimulation  under  urari  the  decline  cl^^l 
the  rise  appears  sooner,  the  more  often  the  stimulation  is  repeaied|^^^ 
and  that  after  many  repetitions  the  decline  passes  into  a  distinct 
fall,  and  at  Last  only  a  fall  is  observed'. 

In  the  instances  just  quoted,  the  effect  of  the  stimulation  of 
the  afferent  nerve  may  be  spoken  of  as  a  general  one  ;  it  is  the 
general  bloo<i-pressure  which  is  diminished  or  increased ;  though 
in  the  case  of  the  depressor  at  all  events  it  is  chiefly,  in  the 
splanchnic  area  that  the  constriction  or  dilation  takes  place. 

There  are  however  some  remarkable  cases  where  a  local  effect 
can  be  readily  distinguished  from  the  general  effect,  because  the 
two  are  in  opposite  directions.  Thus  if  in  a  rabbit  under  urari, 
the  central  stump  of  the  auricularis  magnus  nerve  or  of  the 
auricularis  posterior  be  stimulated,  the  rise  of  general  pressure 
which  is  caused  by  the  stimulation  of  this  as  of  any  other  afferent 
nerve,  is  accompanied  by  a  dilation  of  the  artery  of  the  ear. 
That  is  to  say,  the  afferent  impulses  passing  along  the  auriculai 
nerve  while  affecting  the  central  nervous  system  in  an  ordins 
way*  so  as  to  cause  constriction  of  many  of  the  arteries  of  the 
body  (but  chiefly  probably  the  splanchnic  vessels),  at  the  same 
time  so  affect  some  particular  part  more  especially  connected 


Cf.  Lat^chenbcrgcr  and  Deahna,  Pfltiger's  Arckiv,  Xll.  (1876)  p.  157, 
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with  the  vaso-motor  fibres  governing  the  artery  of  tlie  ear,  as  to 
lead  to  die  dilation  of  that  vessel 

According  to  Lov^q',  to  whom  we  arc  indebted  for  this  observation, 
the  local  dilation  in  the  car  is  preceded  by  an  initial  constnction.  A 
simil.^r  initial  constriction  has  been  witnessed  in  other  cases  of  reflex 
dil:iiiun« 

According  to  Heidcnhain%  this  experiment  illustrates  not  so 
much  the  contrast  between  local  and  general  effcrts  as  the  dilTerencc 
of  behaviour  between  vessels  supplying  the  skin  and  those  distributed 
to  other  tissues  ;  for  he  affirms  that  reilet  vaso-motor  a jiion  in  respect 
to  cutaneous  arteries  is  at  all  events  when  caused  by  artificial  stimula- 
'!'ion  always  in  the  direction  of  dilation. 

So  also  in  the  same  animal  stimulation  of  branches  of  the 
tibial  nerve  causes  dilation  of  the  saphcna  artery,  together  with 
constriction  of  other  arteries,  as  shewn  by  the  concomitant  rise 
of  pressure.  And  there  are  probably  innumerable  instances  of 
liie  same  kind  of  action  goin}^  on  in  the  body  during  hfe,  for  it 
is  evident  that  the  increased  flow  of  blood  to  the  organ  which  is 
»h€  object  of  the  local  dilation^  must  be  assisted  if  a  general 
constriction  is  at  the  same  time  taking  place  in  other  regions. 

The  general  effect  may  not  always  be  obvious,  may  perhaps 
be  often  absent,  so  that  the  local  dilation  or  constriction,  as  the 
case  may  be,  is  the  only  obvious  result  of  the  vaso-motor  action. 
When  the  ear  of  the  rabbit  is  gently  lickle<l,  the  effect  that  is 
Men  is  a  blushing  of  the  ear,  and  though  this  may  be  in  part  due, 
as  we  shall  sec  to  the  action  of  a  local  mechanism,  the  case  we 
have  just  cited  shews  that  the  central  nervous  system  must  be 
ly  engaged.  When  the  right  hand  is  dipped  in  cold  water, 
mperature  of  the  left  hand  falls,  on  account  of  a  refliix 
nstriction  of  the  vessels  of  the  skin  of  that  hand  caused  by  the 
imulus  applied  to  the  other.  Many  more  instances  might  be 
noted,  and  we  shall  again  and  again  come  upon  examples.  The 
umerous  pathological  phenomena  classed  under  sympathetic 
action,  such  as  the  affection  of  one  eye  by  disease  in  the  other, 
^^are  probably  in  part  at  least  the  results  of  reflex  vaso-motor 
^Mctioo. 

^K  We  have  said  enough  to  shew  that  tlic  calibre  of  the  small 
^^Prteries,  which  by  detemiinmg  the  peripheral  resistance  forms  one 
^^mportant  factor  regulating  the  flow  of  blood,  is  subject  to 
influences  proceeding  from  all  parts  of  the  body,  the  influences 
I  reaching  the  arteries  in  a  reflex  manner  by  means  of  the  central 
nervous  system,   the  afferent  im]>ulscs  being  for  the  most  part 

•  Lud wig's  Arffiten^  1K66. 

*  Ct  Ostrcimiiofl;  PHujtrr't  ArcAw^  XIU  (1^76)  p.  219. 
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carried  by  orilinary  sensory  nerves,  while  the  efferent  impulses 
pass  along  special  vaso-motor  nerves,  which,  though  the  centre  of 
the  reOex  action  lies  in  the  cerebro-spinal  axis,  have  a  great 
tendeocy  to  run  in  sympathetic  tracts. 

The  afferent  impulses  of  course  need  not  start  from  the  peri- 
pheral nerve-endings.  They  may  for  instance  arise  in  the  brain. 
Thus,  as  we  have  seen,  an  emotion  originating  in  the  cerebrum 
may  by  vaso-motor  action  give  rise  either  to  blushing  or  to  palkir. 
Nay  more,  changes  may  be  induced  in  the  central  ner\'ous 
system  itself  without  the  need  of  any  impulses  reaching  it  from 
without.  When  we  come  to  discuss  the  relations  of  respiration  to 
the  circulation^  we  shall  see  reason  to  think  that  the  vaso-motor 
action  of  the  central  nervous  system  may  be  directly  affected  by 
the  condition  of  the  blood  passing  through  it,  so  that  if  the 
quantity  of  oxygen  in  the  blood  be  reduced,  a  general  arterial 
constriction  takes  place,  and  a  rise  of  blood-pressure  follows ; 
while  with  a  return  of  oxygen  to  the  blood,  the  vessels  dilate 
and  pressure  falls.     We  shall  return  to  these  phenomena  later  on. 

It  is  more  than  probable  that  many  substances  introduced  into  the 
blood,  or  arising  in  the  blood  from  natur;U  or  morbid  changes,  may 
affect  blood-pressure  by  acting  directly  on  the  nervous  centres. 

In  many  ways  then,  and  to  a  var)''ing  degree  and  extent,  the 
central  nervous  system  can  bring  about  arterial  conscriction  or 
dilation,  general  or  local.  We  have  now  to  study  the  question, 
What  is  more  exactly  the  nature  of  the  nervous  influences  which 
lead  to  constriction  and  dilation  respectively  ?  How  do  those 
which  cause  constriction  differ  from  those  which  cause  dilation  ? 

In  the  funtlamental  experiment  of  the  cervical  sympathetic, 
when  arterial  dilation  has  followed  upon  section  of  the  nerve,  if 
the  peripheral  stump  of  the  divided  ncrs'c  be  stimulated,  the 
dilation  gives  place  to  constriction,  the  blush  is  replaced  by  pallor. 
If  the  stm^ulus  be  very  strong  the  constriction  is  greater  than 
normal,  but  by  carefully  adjusting  the  strength  of  the  stimulus, 
the  circulation  may  be  brought  to  quite  a  normal  condition,  the 
•  loss  of  lone  *  consequent  on  the  severance  of  the  vaso-motor 
fibres  from  the  central  nervous  system  may  be  replaced,  and  not 
more  than  replaced,  by  an  artificial  tone  generated  by  the  action  of 
the  stimulus  on  the  sympathetic  nerve.  The  most  natural  interpre- 
tation therefore  of  the  vaso-motor  action  in  this  case  is  to  suppose 
that  the  normal  lone  of  the  arteries  of  the  face  is  maintained  by 
'  tonic  *  constrictive  impulses  of  a  certain  intensity  which  pass 
from  the  central  nervous  system  along  the  s)Tnpathetic,  and  that 
the  dilation  of  Lhc  same  arteries  is  due  simply  to  a  diminution  ot 


absence  of  these  constrictive  impulses,  an  increased  constriction 
or  pallor  being  similarly  due  to  an  increase  beyond  what  is 
normal  of  these  same  impulses.  In  other  words^  the  nervous 
influences  leading  to  arterial  dilation  and  constriction  differ  in 
degree  only^  not  in  kind,  and  may  be  considered  as  being  merely 
phases  (of  decrease  or  of  increase  as  the  case  may  be)  of  the  same 
action.  And  if  we  turn  to  the  splanchnic  nerve  we  find  a  similar 
interpretation  equally  valid.  Stimulation  of  the  splanchnic  nerve 
causes  constriction  of  the  arteries  governed  by  that  nervT, 
apparently  because  the  stimulation  supphes  artificially  the 
constrictive  impulses  which,  so  long  as  the  nerve  is  intact,  past 
down  it  from  the  central  nervous  system,  giving  the  requisite  tone 
to  its  vascular  area,  and  the  loss  of  which  by  division  of  the  nerve 
ves  rise  to  dilation.  So  that  were  we  to  stop  our  inquiries  at 
is  point,  our  explanation  of  vasomotor  action  would  be  very 
simple.  We  might  speak  of  constrictive  impulses  as  passing  from 
the  central  nervous  system  to  the  various  vascular  areas,  to  such 
an  extent  as  to  constitute  normal  tone,  but  as  being  susceptible 
either  of  inhibition,  complete  or  partial,  thus  leading  to  greater  or 
less  arterial  dilation^  or  of  augmentadon,  thus  leading  to  excessive 
constriction. 

But  this  simple  view  appears  insufficient  when  we  push  our 
dies  further. 

In  the  first  place,  such  a  conception  does  not  cover  all  the 
s  connected  even  with  the  two  nerves  just  mentioned.  For 
dilation  or  loss  of  tone  which  follows  upon  section  of  the 
vical  sympathetic  (and  the  same  is  true  of  the  splanchnic)  is 
t  permanent  j  after  a  while,  it  may  be  not  until  after  several 
ys,  it  may  be  sooner,  the  dilation  disappears  and  the  arteries 
in  their  usual  calibre.  This  recovery  is  not  due  to  any 
generation  of  vaso-raolor  fibres  in  the  sympathetic,  for  it  may 
be  observed  when  the  whole  length  of  the  nerve  including  the 
superior  cervical  ganglion  is  removed.  When  recovery  of  tone 
has  thus  taken  place,  dilation  or  increased  constriction  may  be 
occasioned  by  local  treatment  :  the  ear  may  be  made  to  blush  or 
to  pale  by  the  ap]>licat!on  of  heat  or  cold,  by  gentle  stroking  or 
gh  liandling  and  the  like;  but  neither  the  one  nor  the  other 
ndition  can  be  brought  about  by  the  intervention  of  the  central 
ous  system.  From  this  it  Ls  clear  that  what  we  have  spoken 
as  the  tone  of  the  vessels  of  the  face,  though  influenced  by 
and  in  a  measure  dependent  on  the  central  nervous  system,  is  not 
loly  tiie  result  of  an  effort  of  that  system.  The  muscular  walls 
ot  toe  arteries  are  not  mere  passive  instruments  worked  by  th^ 
bro*spina1  axis  through  the  cervical  sympathericj  obviously 
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they  have  an  intrinsic  tone  of  their  own,  dependent  possibly  on 
some  local  nervous  mechanism,  though  in  the  ear  at  least  no  such 
mechanism  has  yet  been  found ;  and  it  seems  natural  to  suppose 
that  when  the  ceniral  nervous  system  causes  dilation  or  constric- 
tion of  the  vessels  of  the  face,  it  makes  use,  in  so  doing,  of  this 
intrinsic  local  tone.  But  if  so,  then  the  simple  view  entertained 
above,  that  arterial  dilation  and  constriction  are  simply  deter- 
mined by  the  decrease  or  increase  of  tonic  constrictive  impulses 
passing  directly  from  the  central  nervous  system,  is  not  a  complete 
representation  of  the  facts. 

In  the  second  place,  if  we  turn  from  the  sympathetic  or 
splanchnic  to  other  nerves  containing  vaso-raotor  fibres,  we  meet 
with  still  greater  difficulties.  To  take,  for  instance^  a  nerve 
supplying  a  muscle,  such  as  that  going,  in  the  frog,  to  the  mylo- 
hyoid muscle.  Here,  as  in  the  cervMcal  sympathetic,  section  of 
the  nerve  produces  dilation,  but  that  dilation  is  even  more  tran- 
sient than  in  the  case  of  the  sympathetic  ;  the  vessels  spjeedily 
return  to  their  former  calibre.  And  then  it  is  found  that  stimula- 
tion of  whatever  strength  of  the  peripheral  portion  of  the  divided 
nerve  brings  about  not  constriction  but  dilation.  A  similar 
dilation  is  seen  when  the  nerve  of  a  mammalian  muscle  is 
stimulated,  and  probably  occurs  in  the  case  of  all  muscular 
nerves*.  So  also  with  the  lingual,  section  of  which,  as  we  have 
already  stated,  ]>ro<:luces  dilation  of  the  vessels  of  the  tongue; 
siunuUtion  of  the  peripheral  portion  of  the  divided  nerve  gives 
rise  to  dilation ^  no  constriction  ever  making  its  appearance. 
There  are  therefore  in  the  body  nerves,  stimulation  of  which, 
as  well  as  mere  section,  always  brings  about  arterial  dilation. 

There  arc  other  nerves  in  the  body  of  a  mi.\ed  character, 
intermediate  between  the  cervical  sympathetic  on  the  one  hand, 
anH  the  lingual  or  muscular  nerves  on  the  other,  stimulation 
producing  now  constriction,  now  dilation.  Such  a  nerve  is  the 
sciatic  of  a  mammal.  We  have  already  seen  that  section  of  this 
nerve  produces  dilation  of  the  vessels  of  the  fool  j  but  the  dila- 
tion so  caused  after  a  few  days  disappears ;  the  foot  on  the  side 
on  which  the  nerve  was  divided  becomes  not  only  as  cool  and 
pale,  but  fre(iuently  cooler  and  paler  than  the  foot  on  the  sound 
side.  If  the  peripheral  portion  of  the  divided  nerve  be  stimulated 
with  an  interrupted  current,  immediately  or  very  shortly  after 
division,  the  dilation  due  to  the  division  gives  place  to  constric- 
tion ;  the  sciatic  acts  then  quite  like  the  cervical  sympathetic^ 
except  perhaps  that  this  artificial  constriction  cannot  be  main- 
lained  for  so  long  a  time,  and  is  very  apt  to  be  followed  by 
'  Gflskdl.  Journal  FhysiaL,  r.  (tS/S)  p.  262. 
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increased  dilation.  If  however  the  stimulation  be  deferred  for 
some  iUys,  until  the  diiation  has  given  place  to  a  returning 
constriction,  the  effect  is  not  constriction  but  dilation  ;  the  nerve 
then  acts  hke  a  muscular  nerve  and  not  like  thecervic^  sympathetic. 
In  fact,  by  variations  in  the  attendant  circumstances,  and  in  the 
mode  of  stimulation,  into  the  details  of  which  we  cannot  enter 
now,  stimulation  of  the  divided  sciatic  may  at  the  will  of  the 
experimenter  be  made  to  produce  either  arterial  dilation  or 
anerial  constriction. 

In  all  the  above  cases  section  of  the  nerve  produces  dilation, 
whether  the  subsequent  stimulation  causes  constriction  or  dilation  ; 
the  dilation  after  section  may  be  sometimes  not  very  nt.tiked,  but 
is  always  present  to  some  extent  or  other.  But  there  are  certain 
nerves,  section  of  which  produces  no  marked  changes  in  the 
vascular  areas  to  which  they  are  distributed,  and  yet  stimulation 
of  which  brings  about  dilation  often  of  an  extreme  character.     A 

itriking  example  of  this  is  seen  in  the  so-called  nervi  erigenles. 

^■3'he  erection  of  the  penis  is,  putting  aside  the  subsidiary  action  of 
^Bauscular  bands  in  restraining  the  otitBow  through  the  veins, 
^HhieAy  due  to  the  dilation  of  branches  of  the  pudic  arteries, 
^Hphereby  a  large  quantity  of  blood  is  discharged  into  the  venous 
^Hinuses.  Erection  may  in  the  dog  be  artifically  produced  by 
^Btitnulating  the  ptripfural  ends  of  the  divided  nervi  erigentes, 
which  arc  branches  from  the  first  and  second  and  somedmes  from 
the  third  sacial  nerve  passing  across  the  pelvis.  On  applying 
the  interrupted  current  to  the  peripheral  ends  of  these  nerves, 
the  corpora  cavernosa  at  once  become  turgid.  And  yet  simple 
section  of  these  nervi  erigentes  will  not  in  itself  give  rise  to 
erection. 

According  to  LovAi'  and  NicoUki*,  section  of  the  pudic  nerves 

luses  a  partial  dd^iiion  of  ihe  ves-^els  of  the  penis,  under  which 

:umsiances  Nicolski  finds  section  of  the  nervi  erigentes  to  produce 

a  csonstnction,  which  also  appears  even  when  the  pudic  nerves  have 

not  previously  been  divided.     This  rtsult  indicates  the  existence  of 

►nic  diLiting  impulses  passing  normilly  down  the   ncrvi  erigentes 

id  normally  resiniined  by,ant:igomstic  constrictive  impulses  passing 

long  the  pudic  nerves. 

A  similar  case  is  presented  by  the  submaxillary  gland.     As 

will  be  explained  more  \w  detail  in   treating  of   secretion,  this 

id   is  supplied   by  two   nerves,   by   branches  of  the  chorda 

ipani  reaching   it   along   its   duct,   and   by   branches  of  the 

rvical   sympathetic  reaching  it    along    its    arteries.      Neither 


Of,  Hi 


•  Hoftnann  ii  Schwalbe,  Berukt,  VI.  (1877)  P>  79 
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section  of  the  chorda  tympani  nor  section  of  the  cervical  sympa- 
thetic produces  any  very  marked  effect  in  the  circulation  of  the 
gland.  Yet  stimulation  of  the  former  will  bring  about  a  most  striking 
dilation,  of  the  latter  a  no  less  striking  constriction,  of  the  arteries 
of  the  gland. 

How  can  we  construct  a  view  of  the  action  of  vaso- 
motor nerves  which  will  be  consistent  with  all  these  various 
facts  ? 

In  the  first  place  we  raust  admit  the  existence  of  a  local  tone 
in  the  several  vascular  areas,  independent  of  the  central  nervous 
system.  In  such  cases  as  the  corpora  cavernosa  of  the  penis,  and 
the  submaxillary  gJand,  this  independence  is  unmistakable ;  in 
other  regions  it  is  not  at  first  sight  so  apparent,  but  as  we  have 
already  urged,  must  be  admitted  even  for  these. 

In  the  second  place,  as  is  strikingly  shewn  by  the  case  of  the 
submaxillary  gland,  there  are  nerves  which,  since  they  always 
cause  dilation,  may  be  called  vaso-dilator  nerves,  and  nerves 
which,  since  they  always  cause  constriction,  may  be  called  t^asc- 
£onstri£tor  nerves.  Examples  of  the  first  are  seen  in  the  nervi 
erigentes,  the  chorda  tympani,  the  nerves  of  muscle*^,  Src.  ;  of  the 
second,  in  the  cervical  sympathetic,  the  splanchnic,  &e.  Or  to  be 
more  exact,  we  may  say  that  the  vasomotor  fibres  of  the  former 
are  vaso-dilator,  of  the  latter,  vaso-coiistrictor.  It  will  not  escape 
notice  that  the  vaso-dilator  fibres  run  chiefly  at  least  in  the 
cerebro-spinal,  vase-constrictor  in  the  syni pathetic  nerves. 

In  the  third  p!ace,  the  cases  of  the  corpora  cavernosa  of  the 
penis  and  the  submaxillary  gland  suggest  the  idea  that  dilation  is 
the  result  of  the  complete  or  partial  loss  of  local  tone,  that  in  fact 
vaso-dilatorsac:by  inhibiting,  and  vaso-constrictors  by  augmenting, 
the  activity  of  the  mechanism  (whatever  it  be)  which  gives  rise  to 
the  local  tone. 

The  erection  of  the  penis  which  follows  stimulation  of  the 
nervi  erigentes,  and  the  injection  of  the  submaxillary  gland  which 
follows  stimulation  of  the  chorda  tympani,  present  a  very  close 
analogy  to  the  inhibition  of  the  heart  by  stimulation  of  the  vagus^ 
Just  as  the  rhythmic  contraction  of  the 'cardiac  fibre  is  stopped  by 
the  vagus,  so  the  tonic  contraction  of  the  arterial  fibre  (and  this 
tonic  contraction  is  indeed  at  bottom  an  obscure  rhythmic  con- 
traction) is  stopped  by  the  chorda  or  the  nervi  erigentes.  And 
it  seems  to  be  very  natural  to  draw  the  conclusion  that  dilation 
is  in  all  cases  mere  inhibition,  and  constriction  in  all  cases  mere 
augmentation,  of  local  tone.  But  tempting  as  this  view  is,  and 
useful  perhaps  as  it  may  be  as  a  working  hypothesis,  it  must  not 
be  regarded  as  definitely  proved.     It  is  quite  possible  that  dilation 
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may  be  brought  about  in  different  ways  in  different  cases  ;  and  so 
also  with  consiriciion* 

The  *  inhibitory  '  explanation  of  diLition  must  of  necessity  remain 
unsatisfactory  until  our  infonnation  concerning  the  nature  of  the  local 
mechanism  is  increased. 

Along  the  course  both  of  the  chorda  tympani  and  nervi  crigcntcs 
numerous  ganglion  cells  are  distributed,  and  their  presence  gives 
adduumal  point  to  the  comparison  of  the  local  mechanism  with  the 
[intrinsic  nervous  mechanism  of  the  heart.  Nicolski'  has  still  further 
'extended  the  analo^y  of  the  ncrvi  engcnles  with  the  inhibitoiy  fibres 
of  the  pneumogastric,  by  shcwmv;  ^hat  airopiu  paralyses  the  dilating 
fibrci  of  the  ncrvi  erigenies,  while  muscarin  produces  erection  ap- 
parcndy  by  stimulating  the  local  dilator  mechanism.  Still,  atropin 
does  not  paralyse  the  dilator  fibres  of  the  chorda. 

Further,  the  occurrence  of  dilation  after  simple  fwiction  of  a 
^ucrve  raises  an  interesting  question.     Do  the  arteries  in  such  a 
dilate  l>ecause  the  very  section  of  the  nerve  acts  as  a  stimulus 
^to  vaso-dilator  fibres,  or  because  the  local  tone  is  insufficient  to 
keep  up  an  adequate  arterial  constriction  unless  it  be  supplemented 
by  additional  tonic  impulses  reaching  the  local  mechanism  from 
the  central  nervous  system,  which  supplement  is  lost  by  section 
>f  the  nerve?     Obviously,  if  mere  section  is  a  stimulus  to  vaso- 
[ilator  fibres  of  such  a  potency  as  to  give  rise  to  a  dilation  lasting 
lOurs  or  it  may  be  days,  all  evidence  of  'tome'  impulses  pro- 
ceeding from  the  central  nervous  system  is  done  away  with.     We 
then  only  speak  of  dilation  and  constriction  as  being  the 
suit  of  the  action   of  vasodilator  and   vaso-constrictor  fibres 
ipectively,   both    worked  in    a   reflex   manner   by   the  central 
icTfc'ous  system.     Into  the  discussion  whether  such  an  inlerpre- 
ton  of  the  effects  of  simple  section  is  justified  by  facts  or  not, 
id    into  the  allied  controversy  concerning  the  reason  why   the 
raso-motor  effects  of  stimulating  the  afferent  fibres  of  the  sciatic 
id  other  nerves  vary  so  much  under  different  circumstances,  we 
crannot  enter  here.     We  must  content  ourselves  with  the  general 
conclusion  that  though    local   tone    may  exist   independently  of 
ihc  central  nervous  system,  the  condition  of  the  various  vascular 
areas,  in  the  living  body  in  a  normal  condition,  is  arranged  and 
modified   to  meet  passing  or   permanent  needs,  by  the  central 
nervous  system  through  the  agency   of  vaso-moior  nerves,  and 
that  these  vasomotor  nerves  in  some  cases,  since  they  are  used  to 
gire  nsc  lo  dilation  only,  may  be  spoken  of  as  vaso-ililator  nerves, 
ot  as  containing  vaso-dilator  fibres,  in  other  cases  may  similarly 
be  called  vasoconstrictor,  and  in  yet  a  diird  class  of  cases  be 
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regarded  as  mixed  in  character,  since  according  to  circatnstances 
they  give  rise  either  to  dilation  or  to  constriction. 

There  remains  the  important  question,  What  pan  of  the 
central  nervous  system  is  it  which  intermediates  as  a  nervous 
vasomotor  centre  or  centres  either  of  purely  reflex  or  of  partly 
reflex  and  partly  automatic  action,  between  various  alterenl 
impulses  and  the  efferenl  vaso-motor  impulses  leading  either  lo 
dilalion  or  constriction  ? 

We  have  seen  (p.  209)  that  stimulation  of  the  central  stump 
of  the  divided  sciatic  gives  rise,  in  an  animal  under  urari,  to  an 
increase  of  general  blood -pressure,  brought  about  chietly,  il  not 
entirely,  by  an  augmentation  of  constrictive  impulses  passing  along 
the  s]:>Ian€hnic  nerves.  This  increase  of  bloud- pressure  is  mani- 
fested, with  (in  satisfactory  experiments)  undiminished  intensity, 
even  when  the  whole  of  the  brain,  down  to  a  certain  limit  in  the 
medulla  oblon^^ata,  has  been  removed.  But  if  the  removal  be 
cnrritd  beyond  this  limit,  or  if  a  smaK  area  of  the  medulla 
oblongata  lying  above  the  calamus  scriptorius  be  removed,  the 
effect  on  the  general  blood-pressure  of  stimulating  the  central 
stump  of  the  sciatic,  we  might  add,  of  any  other  afferent  ncrvx, 
is  comparatively  iosignificanL  Obviously  this  small  porrion  of 
the  medulla  oblongata  acts  as  a  vaso-motor  centre,  by  the  action 
of  which  ordinary  afferent  impulses  coming  from  the  sciatic  or  any 
other  afferent  ner\'e,  are  transformed  into  vaso  inutor  impulses  of 
constrictive,  or  as  in  the  case  of  an  animal  under  chloral  (see 
p.  210),  of  dilating  effect,  and  so  discharged  along  tlie  splanchnic 
nerves. 

The  vaso-motor  fibres  of  the  cervical  sympathetic  and  of  many 
other  nerves  may  similarly  be  traced  to  this  same  region  of  ihc 
medulla  oblongata.  Whether  all  vaso-motor  fibres  are  actually 
in  connection  with  it  is  more  than  doubtful ;  but  at  all  events 
the  fibres  passing  to  so  many  vascular  areas,  and  those  of  such 
magiMtude  and  importance,  are  by  means  of  it  brought  into 
functional  relationship  with  so  many,  if  not  all,  the  afferent  nerves 
of  J  he  body,  that  it  may  fairly  be  spoken  of  as  the  general 
vaso-motor  centre. 

Owsjannikovv'  places  the  lower  limit  of  this  medullary  vaso-motor 
centre  in  the  rabbit  at  a  horizontal  line  drawn  about  4  or  5  mm  above 
the  point  of  the  falamus  scriptorius,  and  the  upper  limit  at  about 
4  mm.  higher  up,  /.*•.  about  i  or  2  mm,  below  the  corpora  quadrigemma. 
When  in  carrying  transverse  sections  of  the  brain  successively  lovkCf 
and  lower  down  the  unoer  limit  was  first  reached,  the  first  effects  in 
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the  way  of  diminishing  the  rise  of  blood  pressure  resulting  from 
stimulation  of  the  scialicT  were  observed.  On  carrying  the  sections 
5tiH  ioivcr,  the  effects  of  the  stimulation  of  the  sciatic  became  less 
and  Irss,  until  when  the  lower  limit  was  reached  no  effects  at  all  were 
observed.  The  centre  is  according  to  him  bilateral,  the  halves  being 
placed  not  in  the  middle  line  but  more  sideways  and  rather  nearer  the 
antcnor  th-m  the  posterior  surface. 

Ditnnar',  while  confirming  m  general  Owsjannikow's  results,  limits 
the  nervous  area  thus  capable  of  acting  as  a  reflex  vaso-motor  centre 
to  a  small  prismatic  space  in  the  forward  prolongation  of  the  lateral 
columns  after  they  have  given  off  their  fibres  to  the  decussating 
pyramids.  This  space  is  largely  occupied  by  a  mass  of  grey  matter, 
called  by  Clarke  the  antero-Iatend  nucleus,  containing  large  multipolar 
cells,  and  lying  close  to  the  origin  of  the  facial,  Miescher'  had  prc- 
riously  shewn  that  ibe  afferent  impulses  which  affect  the  vaso*motor 
centre  run  in  the  lateral  colunms. 

Whether  this  medullary  vaso-motor  centre  has  any  distinct 
automatic  action,  whether  it  may  be  regarded  as  continually  gene* 
rating  out  of  its  own  molecular  oscillations  and  discharging  along 
the  vasomotor  fibres,  im|»uhes  whereby  the  general  arterial  tone 
is  maintained,  is  a  cjuestion  which,  like  the  allied  question  mooted 
on  p.  213  need  not  Ix:  discussed  here.  Granting  even  the  existence 
of  such  automatic  functions,  they  must  be  of  secondary  imfK)rtance. 
As  we  have  already  urged,  the  great  use  of  the  whole  vasomotor 
system  is  not  to  maintain  a  general  arterial  tone,  but  to  modify 
according  lo  the  needs  of  the  economy  the  condition  of  this  or 
that  vascular  area. 

Besides  this  general  vaso-motor  centre  in  the  medullai  other 
rts   of   the   spinal  cord  are  capable  of  acting  as  vaso-motor 
tres.  i,t,  of  transforming  afferent  impulses  into  efferent  vaso- 
iot  impulses  of  dilation  or  constriction.    Thus  when  in  the  dog 
c  spinal  chord  is  divided  in  the  dorsal  region,  the  vascular  areas 
the  hinder  part  of  the  body»  after  a  temporary  dilation  (which 
be  due  in  part  at  least  to  their  severance  from  the  medullary 
centre,  but  which  probably  is  rather  to  be  attributed  to 
of  the  operation  on  the  lumbar  cord  and  the  nervous 
mechanisms  connected  with  it),  regain  their  tone ;  and  then  the 
tone  of  one  or  other  of  these  areas  may   be  modified   in   the 
direction  certainly  of  dilation,  and  possibly,  but  this  is  by  no 
means  so  certain,  of  constriction  by  afferent  inijiulses  reaching 
the  lumbar  cord.     Erection  of  penis  through  the  nervi  erigenles 
may  be  brought  about  by  suitable  stimulation  of  sensory  surf.ices» 
^    aod  dilation  of  various  vessels  of  the  limbs  readily  produced  by 
■■Hmulation  of  the  central  stimip  of  one  or  another  nerve. 

^H         •  Ladi 
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And  what  is  true  of  the  lumbafj  is  apparenilf  tnie  also  of  the 

dorsal  cord,  and  indeed  of  all  parts  of  the  spinal  cord.      T 
bred  with  the  reflex  and  other  mechanisms  for  the  contract 
the  skeletal  muscles,   with  which  the  spinal  cord,   as   we  ihiU 
htToafter  see,  is   crowded,  are    probably  vaso- motor    centfes    or 
nieriianisnis,  the  details  of  whose  topography  and  functions  have 
yet   to   be  worked    out.      Prominent   among  thena,   whcthf^r  by 
reason  solely  of  its  special  connection  with  the  splanchr 
and   thus   with  the   capacious   vascular  area  of  the    r  J 

viscera,  or  whether  because  in  addition  it  exercises  a  controlling 
co-ordinating  power  over  the  minor  centres  in  the  rest  of  the  cord, 
is  the  centre  or  mechanism  placed  in  the  parttculdr  pxart  of  the 
medulla  oblongata  spoken  of  above.  Through  it,  and  tlirougb 
ihem,  the  delicate  machinery  of  the  circulation,  which  dt:tcnrtimcs 
the  blood  supply,  and  so  the  activity  of  each  tissue  and  organ, 
able  tci  respond  by  narrowing  or  widening  arteries  to  the 
vfirying  demands,  and  to  meet  by  compensating  changes 
shocks  and  strains,  of  daily  life. 


imcs 


Vaso-constrictor  and  Vaso-dilator  Nervea.  The  problems  con- 
nected with  this  topic  may  profitably  be  studied  under  three  heads. 

(,  Is  dilation  merely  the  consequence  of  the  diminution,  partial 
or  complete^  of  what  we  may  call  central  tonicity,  />.  of  constrictive 
impulses  piocecding  from  the  central  nen'ous  system,  or  may  it  occur 
as  the  direct  rcsuh  of  the  stimulation  of  dilator  fibres? 

There  is  no  difficulty  in  answering  this  question  in  favour  of  the 
latter  view.  In  such  cases  as  those  of  the  chorda  lyrapani  and  ncrvi 
erigeiites*  stimulation  of  the  peripheral  portion  of  the  nerve  brings 
alxiut  a  dilation  far  exceeding  that  resulting  from  simple  section, 

FurUier,  Luchsinger^  reviving  and  extending  a  very  old  experiment 
of  Schiff'sS  finds  that  when  an  animal,  a  kitien,  is  warmed  in 
heated  chamber  till  the  feet  become  red  from  dilation  of  the  bio 
vessels,  division  of  the  sciatic  nerve  causes  the  foot  of  the  same  si 
to  hcjome  paler.  Similarly  if  the  sciatic  on  one  side,  say  the  1 
is  first  divided,  the  left  foot  in  consequence  becoming  warmer  .a 
redder,  and  the  animal  then  exposed  to  heal,  not  only  does  the  ri)i{hl 
foot  become  redder,  but  the  left  foot  (in  consequence  of  the  blood* 
current  being  diverted  to  other  parts)  even  paler  than  before,  so  that 
the  difference  in  respect  to  dilation  in  favour  of  the  right  foot  becomes 
very  marked.  That  is  to  say,  the  influence  of  the  heat  on  the  central 
nervous  system  produces  by  the  agency  of  vaso-moior  nerve*  a 
dilation  greater  than  that  which  results  from  the  mere  lr>?is  of 
central  tonicity  through  severance  of  the  peripheral  vessels  from  the 
central  nervous  system. 


cnt 
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a.    The  more  difficult  question  then  arises,  Is  the  dilation  which 

follows  section  of   a  nerve  always  due  to  the   section  acting   as  a 

Ins  lu  diUior  fibres,  or  may  it  in  some  cases  at  least  have  its 

I  in  a  Joss  of  central  tonicity,  or  may  it  in  still  a  third  class  of 

c.iic>  be  brought  about  by  both  causes  combined  ? 

Golti*  was  led  to  insist  on  the  view  that  dilation  following  section 
h  the  result  of  the  stimulation  of  dilator  fibres^  from  the  following 
e\pt  fimcnt.  The  sciatic  of  a  dog  is  divided  and  carefully  replaced  in 
the  wound.  In  the  course  of  a  few  days,  when  the  vascular  tone  of 
the  foot  ha^  been  regained,  the  nerve  is  again  laid  bare,  and  a  cut 
made  m  the  peripheral  stump;  forthwith  the  vessels  of  ihc  foot  dilate, 
and  if  the  nerve  be  crimped  by  a  series  of  cuts  carried  -successively 
downwards,  a  very  marked  dilation  of  the  blood-vessels  and  rise  of 
temperature  in  the  foot  is  observed.  The  question  why  dilation  only 
results  under  these  circumstances,  whereas  when  the  nerve  is  in  the 
first  instance  divided,  a  passing  constriction  followed  by  the  more 
Jastmj^  dilation  is  obsen^d,  is  answered  by  the  hypothesis  that  the 
conHtnctor  6brei,  which  are  present  in  the  ncr\'e  together  with  the 
dilator  fibres,  degenerate  rapidly,  so  that  at  the  time  the  crimping 
>s  dilation,  the  latter  fibres  only  arc  in  functional  activity. 
Eperitnem  undoubtedly  shews  that  the  effects  of  mere  section  in 
of  a  stimulus  must  not  be  underrated ;  but  is  not  valid  as  an 
It  against  the  view  that  dilation  may  be  the  result  of  mere  loss 
tonicity.  For  besides  the  fact  that  the  dilation  which 
iws  upon  crimping  is  far  more  transient  than  the  initial  dilation 
ucb  results  from  the  primary  division  of  the  nerve,  section  of  an 
idoubled  dibtor  nerve  such  as  the  chorda  tympani  does  not  produce 
lything  more  than  the  slightest  and  briefest  dilation,  and  even  that 
imetimcs  is  absent**  Moreover  if  mere  section  were  so  powerful  a 
luIu*.  to  dilator  fibres,  it  ought,  unless  the  contrary  can  be  shewn, 
at^t  similarly  as  a  stimulus  to  constrictor  fibres  when  these  are  in 
inction.d  activity  ;  and  indeed  such  an  effect  on  constrictor  fibres 
ipposed  to  be  indicated  by  the  initial  constriction  which 
may  be  seen  to  precede  the  dilation  following  on  section  of 
IJut  in  a  section  of  a  purely  constrictive  nerve,  like  the 
sympathetic,  the  initial  constriction,  which  is  sometimes  but 
lys  seen  to  precede  the  more  lasting  dilation,  is  of  the  slightest 


Wc  must  therefore  conclude  that  the  dilation  which  follows  section 
of  the  nerve  is  due  largely,  and  probably  in  some  cases  exclusively,  to 
actual  loss  of  central  tonicity. 

5,  The  third  question  suggested  is.  What  is  the  nature  and  mode 
of  action  of  vaso-dilator  and  vaso-constrictor  fibres  respectively? 
Are  they  separate  and  distinct  fibres,  with  altogether  different  mechan- 
isms .'  Or  may  the  same  fibre  according  to  circumstances  act  now  as 
a  diUt  ii  now  as  a  constrictor? 

In  irici^cnce  to  this  the  following  facts  deserve  attention.    When 

•  Pfltigcr's  ^ir^iv,  IX.  (1874)  P.  174  :  XI*  ti875)  P  5^ 

*  Kendall  ctid  Luchi>ing«r,  Tflugers  AnAw,  xiil  (1876)  p.  197. 
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the  sciatic  nerve  is  stimulated  with  an  interrupted  current  immediately 
after  division,  constriction  in  the  vcs**cls  nf  the  foot,  as  shewn  by  a 
fall  of  temperature,  or  diminished  injection  of  vascuUr  surfaces,  of 
diintntsbed  outflow  from  an  incision,  is  the  result  which  has  been 
observed  by  nearly  ail  experimenters.  In  a  dej^cncrating  nerve  (*>. 
one  which  has  been  divided  some  days  previously)  stimulation  produces 
dilation'.  Indeed  the  same  stimulation  which  on  an  early  day  after 
division  causes  constriction  may  on  a  1  iter  day  give  rise  to  dilation'. 
Sialic  induction  shocks  repeated  at  mlcrvals  (one  or  two  seconds) 
applied  to  a  fresh  nerve  give  when  weak  dilation,  when  strong  con- 
sinction;  the  same  rhythmical  stimulus,  however  strong,  applied  to  a 
degenerating  nerve  causes  diklion,  even  in  cases  wiierc  the  rnter- 
ruptcd  current  still  give<i  rise  to  constriction^.  Similarly  with  the 
degenerating  peripheral  stump  of  the  atiricularis  ma^nus  in  the 
rabbit  weak  stimulation  sometimes  causes  dilation,  strong  stimulation 
constriction.  So  that  in  general  when  the  stimulus  is  weak  in  rcl.itioa 
to  the  irritability  of  the  nerve,  dilation  results;  when  it  is  stronjj, 
cOQstriction.  When  the  stimulus  is  very  strong  and  prolonged  the 
constriction  may  be  followed  by  dilation,  but  this  appears  to  be  merely 
the  result  of  exhaustion*. 

im  the  other  hand,  stimulation  of  the  chorda  tympani  produces 
dilation,  never  constriction,  whatever  be  the  strength  oi  the  stimulus  ; 
and  stimulation  of  the  cervical  sympathetic  similirly  always  causes 
constriction. 

In  the  c  ise  of  the  mylo-hyoid  of  the  frog  stimubtion  of  the  nerve 
always  produces  dihition,  though  constriction  may  be  brought  about 
by  applying  the  electrode  directly  to  the  mui»cle\ 

So  far  facts  arc  compatible  with  the  hypothesis  that  while  the 
cervical  sympatlietic  contains  only  constrictor  and  the  chorda  t^nnpani 
unly  dilator  tibres^  the  sciatic  nerves  contain  both  kinds  of  6bres,  the 

*  Goliz,  op.  cit.  «  Kendall  and  Luchsinger,  ^p,  cit^ 

J  Kendall  and  Lwchsinger,  op.  cU. 

<  liaslrc  and  Morat  {Compu  AVr/*/.  T.  87  (1878)  p.  771,  p.  S80)  judging  ul 
the  Cixidilion  of  the  vessels  tjoverncil  by  the  ccrvicid  sympathetic,  by  relative 
variatians  in  the  nrterial  and  venous  prciisure  of  the  region,  find  that  the  ccm- 
slriclion  which  is  caused  l»y  slimuLilion  of  the  syiniialhctic  is  of  short  duiftiion, 
and  i^  followed,  even  t>t'fore  the  removal  of  the  stimulus  when  tlm  i^  of  luo^ 
thiralion,  by  a  dilaiion  greater  than  thai  w  hich  existed  L.efore  the  a}>plicaLiun  or 
the  stimulus,  by  in  fact,  a  super Hlilaliun.  The  same  phenomenon  was  seen  iti 
the  vessels  of  the  foot  (of  the  horse  nr  as<i)  when  the  |.K)^tcrior  tibial  nerve  was 
stimulated,  and  it  niay  be  remarked  thnt  the  authors  never  in  any  case  saw  the 
stimulu«3  fail  lo  produce  constriction  :  whether  the  stimulus  was  weiiu  ur  strong, 
rhythmic  or  tetanic,  whether  the  nerve  ha<l  been  divided  recently,  or  fordtys 
fjcfore,  stimulation  always  cau<»ed  constriction  ;  dilation  never  occarred  other- 
wise than  as  subsequent  super-dilation.  The  clTccti  then  ol»cfVcd  by  theic 
author^,  on  stimulating  this  smaller  branch  in  the  hurse  arc  opposed  to  tho»e  of 
stimulating  the  sciutic  tiunk  in  other  animals,  for  the  dilation  spoken  of  above 
has  been  repeatedly  observed  without  any  previous  constriction,  even  when  tbc 
state  of  the  vessels  was  jutlgcd  by  inspection  of  ttie  unpigmeuted  feet,  and  boI 
merely  inferred  from  a  rise  of  tcmperamrc. 

5  Gaskcli,  j/burn.  Anat.  Vhyi,  xi,  (1877)  p.  7aa 


ictor  fibres  being  less  irritable,  and  degenerating  sooner,  the 
dilating  cflects  in  consequence  appearing  as  degeneration  is  setting  in 
and  when  the  stimulus  used  is  too  weak  to  excite  the  constrictor 
fibres.  But  Bernstein*  tinds  that  the  transinon  from  constriction  may 
be  effected  without  any  change  in  the  ncrvc-trunk  itself.  U  is  simply 
sufBcicnt  in  the  case  of  the  sciatic  of  the  dog  to  reduce  the  tem- 
perature of  the  foot  by  plunging  it  into  a  cold  bath,  m  order  that 
stimulation  of  even  the  just  divided  sciatic,  whether  by  rhythmical 
induction  shocks,  or  by  the  interrupted  current,  or  by  crimping,  may 
bring  about  dilation.  And  Lepine*  had  previously  arrived  at  a 
similar  conclusion  with  regard  to  the  sciatic  of  the  frog.  From  thts 
we  may  infer  that  the  same  fibre  may  act  as  dikitor  or  constrictor 
a£(ordiHg  to  tht  condition  of  thf  peripherai  muhanism;  at  all  events, 
^ihese  results  throw  great  doubt  on  the  necessity  of  supposmg  the 
istencc  of  two  kinis  of  fibres.  Moreover  wc  e  t^^c  iwro  kinds  of 
fibres  distinct  we  should  expect  to  find  them  run>»ing  in  some  part  of 
their  course  at  least,  in  different  tracts  ;  but  ilus  has  not  as  yet 
been  observed,  as  will  appear  from  the  following  paragraph. 

2 h^  course  of  vtiso-motor  Jibret.  S*hi(T^  concluied  thiit  the  vaso- 
motor fibres  for  tbc  tront  and  hind  limbs  passed  pirtly  directly  from 
the  cord  through  the  anterior  roots  of  the  nerves  formmg  the  sciatic 
and  br.ichial  plexuses  respectively,  ani  partly  indirectly  from  the 
interior  roots  of  the  last  three  or  five  dorsal  nerves  to  the  abdominal 
sympathetic  and  thus  to  the  trunk  of  the  sciatic,  and  from  the  anterior 
roots  of  the  3rd,  4th,  sth  or  sometimes  6th  dorsal  ner\'es  to  the  thoracic 
•yrapathetic,  and  thence  by  the  stellate  or  first  thoracic  gangli<in  to  the 
raachial  plexus,  Schitf  nude  no  distinction  between  the  paths  of 
constrictor  and  diUtor  fibres  •,  he  supposed  the  fibres  of  direct  origin 
to  supply  the  lower  parts,  those  of  indirect  origin  the  upper  and  middle 
parts,  of  the  resjiectlve  limbs,  Bernard <  on  the  contrary  found  that 
1  the  fibres  for  both  limbs  took  the  indirect  course  through  the 
mpaihctic,  And  subsequent  observers  hnve  supported  now  one, 
w  the  uther  vic»f,  K.  Cyon  *  in  respect  to  the  fore-limb  (the  fibres 
nntng  in  a  single  nerve  passing  from  the  thoracic  chain  to  the 
Hate  gangfjton),  and  OslroumotP  in  respect  to  the  hind  limb,  support 
mard  ,  while  Luchsin^cr  and  PueUna  ^  agree  with  .Schiff  in  so  far 
t  some  ot  the  fibres  issue  from  the  cord  through  the  proper  anterior 
Is  of  the  nerve.  Hcidenham  and  Gaskell  *  find  th.it  the  vaso- 
or  nerves  of  the  muscles  of  the  leg  run,  in  the  dog,  in  the  ab- 
linal  sympathetic,  but  apparently ''not  exclusively  so.  .\U  thciC 
servers  cither  find  constoctorii  and  dilators  runnmg  in  the  same 
ct,  or  at  least  make  no  difference  between  thcin.     The  evidence 

rfliiger's  ^frt-Aif.  xv.  (1877)  p.  575. 
C**mpt.  Hmd.  JkV.  fiioi.,  xMnrch  4,  1876, 

•  C&mpta  Ktnaus^  1 862,  11.  p.  400,  p,  425,  and  previously,   Cnten^k,  ». 
'kysial.  d,  Nfrv^r*"  y^  t  ,.,    1 S55. 

•  C&mptti  A'en  11.  p.  228,  p.  3P5. 
»  Ludwig^s  *-/.'                   \  p.  62. 

•  Pthqjer^s  AnAti^,  xn.  (1876)  p.  219, 
T  Pllugcj.  XVIII,  (1S78)  p,  4S9. 

l«  ffurn,  FkynoL,  1.  (1878)  p.  a6a. 
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however  as  to  the  exact  course  is  more  satisfactory  in  the  case  of  the 
constrictors  than  in  the  case  of  the  dilators.  The  view  of  Strieker ' 
that  dilator  fibres  for  the  hind-limb  nin  in  the ;^^J/c"r/>r  roots  of  4th 
and  5th  lumbar  nerves,  has  been  contested  by  Cossy'  and  Vulpian*. 
In  the  frog  the  vaso-motor  fibres  for  the  hiiid  limb,  at  least  the  web, 
appear  to  leave  the  cord  through  the  anterior  roots  of  the  sctatic 
nerve*.  Lastly  it  may  be  observed  that  Bernard*  traces  the  vaso- 
motor fibres  of  the  cervical  sympathetic  into  the  first  thoracic  ganglion 
on  their  way  from  the  spinal  cord. 

S/nmil  vnso-motor  centres.  Evidence  has  already  been  given 
(p.  218)  of  the  existence  even  in  the  mammal  of  spinal  vaso-motor 
centres,  in  addition  to  the  medullary  centre.  In  the  frog  this  power 
of  the  spina]  cord  to  act  as  a  vaso-motor  centre  is  still  more  marked 
and  general  ^  And  even  the  statement  on  p.  218  that  the  rise  of 
pressure  following  upon  stimulation  of  an  afferent  nerve  is  absent  or 
very  slight  when  the  medullary  vaso-motor  has  been  removed,  does 
not  apply  in  certain  conditions.  Thus  in  strychnised  animals,  such  a 
rise  when  an  afferent  nerve  is  stimulated  is  quite  distinct  ^  A  rise  of 
pressure  is  similarly  observed,  in  the  absence  of  the  medulla,  as  * 
consequence  of  dyspnoea «,  and  as  the  direct  result,  without  any  con- 
comitant stimulation  of  afferent  nerves,  of  poisoning  by  picrotoxin' 
and  by  antiarin*'*and  by  strychnia".  It  is  probable  at  all  events  that 
in  these  cases  the  rise  in  blood -pressure  is  due  to  constrictive  impulse* 
passing  down  the  splanchnic  nerves.  If  so,  then  the  vaso-motor 
mechanism  of  the  spinal  cord  would  bear  to  the  ordinary  reflen 
mechanisms  by  which  the  likeletal  muscles  are  worked,  the  additional 
analogy  that  the  paths  along  which  the  impulses  of  afferent  or  cemral 
origin  issue  as  efferent  impulses  are  determined  in  part  by  the  condition 
of  the  cord  and  the  character  of  the  afferent  impulses  or  of  the  central 
disturbances  ". 


The  Efftds  of  Local  Vasadar  Constriction  or  Dilation, 

Whatever  be  determined  ultimately  to  be  the  modus  operandi 
of  vaso-motor  mechaoisms,  the  following  fundamental  facts  remain 
of  prime  importance. 

«  Wim,  SitMungsberirhte,  LXXiv.  (Joly,  1876). 

■  Archives  de Pny^ohg,  lu.  (1S76)  p.  832.  3  ll^,^  v.  (1S7S)  p.  336. 

*  Pfliiger,  AUf.  MeJ.  Cetttral  Zeitung,  Jahrg.  XXIV.  No.  6876.      Nussbaum, 
Pfliiger's  Archiv,  X,  (1875}  p.  374. 

s  Camfitej  Jdendux,  1^2,  tl.  p.  381. 

*  Cf.  LLster,  /%i7.  Irons.,  1858,  It.  p.  607  ;   NusslKiura,  ?fL\iger's  AreM 
X.  (1875^  P-  374. 

7  Schlcsinger,    WiVn.  Med,  Jakrb.t  1874;  Hcidenliain,  Pfliiger's  .^^Aur^ 
XIV.  (1S76)  p.  51S. 

■  Schlcsinger,  op.  cit.  i  Luchsinger,  Pfliigcr^s  AreAiv,  xvi.  (1877)  p»  510. 
»  Luchsingcr,  op.  at. 

**  Strieker,   IVien.  SitxHHgsherichtet  LXXV.,  M«rdi,  1877 ;  Schroff,  Wim 
Med.  Jahrb,,  1S74,  p.  259. 
**  htricker,  op.  c^t. 
"  Gf,  Hcidenhaiti,  PflUger's  Arehiv,  XlV.  (1877)  p.  518. 
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The  tone  ©f  any  given  vascular  area  may  be  altered^  positively 
in  the  direction  of  augmentation  (constriction),  or  negatively  in 
the  way  of  inhibition  (dilation),  quite  independently  of  what  is 
going  on  in  other  areas.  The  change  may  be  brought  about  by 
(i)  stimuli  applied  to  the  spot  itself,  and  acting  either  directly  on 
some  loczl  mechanism,  or  indirectly  by  reflex  action  through  the 
general  central  nervous  system  ;  {2)  by  stimuli  applied  to  some 
other  sentient  surface,  and  actmg  by  reHex  action  through  the 
central  nervous  system  ;  (3)  by  stimuli  (chemical,  blood  stimuli) 
^^ting  directly  on  the  central  nervous  system. 

^H     The  effects  of  local  dilation  are  local  and  general. 
^B     Local  effects  of  dilation.     The  arteries  in  the  area  being 
^^Ualed  offer  less  resistance  than  before  to  the  passage  of  blood. 
I     Consequently,  more  blood  than  usual  passes  through  them,  filling 

)m>  the  capillaries  and  distending  the  veins.    Owing  to  the  diminu- 
■on  of  the  resistance,  the  fall  of  pressure  in  passing  from  the 
Bt^-Ties  to  the  veins  will  be  less  marked  than  usual ;  that  m  the 
biall  arienes  themselves  will  be  lowered,  that  in  the  corresponding 
kins  heightened.     The  lowering  of  the  pressure  in  the  arteries 
peans  that  their  elastic  coals  are  not  i)ut  to  the  stretch  as  much 
as  usual ;  />.  their  elasticity  is  not  called  into  play  to  the  same 
extent  as  before.     Now,  as  has  been  seen,  every  portion  of  the 
arterial  wall  has  its  share  in  destroying  the  pulse  by  converting  the 
intermittent  into   a  continous  flow.     Hence,  the  dilated  arteries, 
their  elasticity  not  being  called  into  play  so  much  as  before,  will 
not  contribute  their  usual  share  towards  destroying  the  pulsations 
which    reach   them   at    the   cardiac    side.      The    pulsations    will 
travel  through  them  less  changed  than  before,  and  may,  in  certain 
cases,  pass  right  on  into  the  veins.     This  is  frequently  seen  in  the 
submaxillary  giant!,  when  the  chonla  tympani  is  stimulated.     The 
channels  being  wider,  resistance  being  less,  and  the  force  of  the 
art  behind  remaining  the  same,  more  blood  than  before  passes 
rough  the  area  in  a  given  time ;  or,  put  differently,  the   same 
laniiiy  of  blood  passes  through  the  area  in  a  shorter  time.     The 
ood,  conse(|uently,  as  it  passes  into  the  veins  is  less  changed 
an  m  the  nurmal  condition  of  the  area.     Usually  the  flow  is  so 
pv\  that  the  oxy-hiemoglobin  of  the  corpuscles  is  deoxidised  to 
much  less  extent  than  usuaU  and  the  venous  blood  still  possesses 
arterial  hue.     On  the  other  hand,  since  more  blood  passes  in  a 
en  lime,  there  is  an  opportunit)'  for  an  increase  in   the  total 
terchange   between  the  blood  and  the  tissue.     Thus  the  total 
may  be  greater,  though  the  share  borne  by  each  quantity  of 
is  less. 
F.  P. 
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General  effects  of  dilation.  Supposing  that  the  U 
quaoLiLy  of  blood  issuing  from  the  ventricle  remains  the  same,  tl 
is  to  say,  supposing  that  the  quantity  of  blood  put  into  circulati< 
is  constant,  the  surplus  passing  Uirough  the  dilated  area  must 
taken  away  from  the  rest  of  the  circulation.  Consequently  xhi 
fulness  of  the  dilated  area  will  lead  to  an  emptying  of  the  other 
areas.  This  is  seen  very  clearly  when  the  dilated  area  is  a 
capacious  one.  At  the  same  time,  local  dilation  causes  a  local 
diminution  of  peripheral  resistance.  This  in  turn  causes  a  lower 
ing  of  the  general  arterial  pressure ;  to  this  we  have  already  called 
attention. 

The  Effects  of  local  constriction,  similarly  local  and 
general,  are  naturally  the  reverse  of  those  of  dilation. 

In  the  vascular  area  directly  affected,  less  blood  passes  through 
the  capillaries  in  a  given  time,  and  in  consequence  less  total 
interchange  between  the  blood  and  the  tissues  takes  place,  though 
each  unit  volume  of  blood  which  does  pass  through  is  more 
deeply  affected.  The  blood-pressure  in  the  corresponding  arteries 
is  increased,  and,  if  the  area  be  large,  the  pressure  in  even  distant 
arteries  may  be  heightened. 

Thus,  to  indicate  results  in  a  general  manner,  local  dilation 
encourages  a  copious  flow  of  blood  through  the  area  where  the 
dilation  is  taking  place,  and,  by  reducing  the  blood -pressure, 
hinders  the  flow  of  blood  into  other  areas.  Local  constriction,  on 
the  other  hand,  lessens  the  flow  of  blood  in  the  particular  area, 
and  by  heightening  the  blood-pressure  tentls  to  throw  the  m« 
of  the  blood  on  to  other  areas.  Hence  the  gre.Tt  r**gulalive  vah 
of  the  vaso-motor  system.  By  augmenting  or  inhibitory  influenci 
(constrictor  or  dilating)  applied  cither  to  peripheral  mechanisi 
or  to  cerebro-spinal  centres,  and  called  forth  by  stimuli  < 
intrinsic  and  acting  through  the  blood,  or  extrinsic  and  aclii 
jhrough  nervous  tracts,  the  supply  of  blood  to  this  or  that  otgi 
or  tissue  may  be  increased  or  reduced :  the  surplus  or  deficit  beii 
carried  away  to,  or  brought  up  irom,  either  the  rest  of  the  body 
generally,  or  some  other  special  organ  or  tissue. 

Sec,  6.     Changes  in  the  Capillary  Districts. 

Possessing  no  muscular  element  in  their  texture,  the  capillari< 
unlike  the  arteries,  are  subject  to  no  active  change  of  calibi 
They  are  expanded  when  a  large  supply  of  blood  reaches  th< 
through  the  supplying  arteries,  and,  by  virtue  of  their  elasttcit 
shrmk  again  when  the  supply  is  lessened  or  withdrawn  ;  in  boj 
these  events  their  share  is  a  passive  one. 
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It  is  true  that  cerlain  active  changes  of  form,  due  to  movements  in 
the  protoplasm  of  their  walls,  have  been  described  ;  but  the  clTccts  of 
any  such  changes,  even  if  common,  must  be  quite  subordinate. 

Nevertheless  the  capillaries  do  possess  active  properties  of  a 
certain  kind,  which  cause  them  to  jjlay  an  important  part  in  the 
work  of  the  circulation.  They  are  concerned  in  mainlaining  the 
vitai  equilibrium  which  exists  between  the  intra-vascular  blood  and 
tlic  extra-vascular  tissue,  an  equilibrium  which  is  the  central  fact 
of  a  normal  capillary  circulation,  of  a  normal  interchange  between 
the  blood  and  the  tissue,  and  tlius  of  a  normal  life  of  the  tissue* 
The  existence  of  this  equilibrium  is  best  shewn  when  it  is  over- 
thrown, as  in  the  condition  known  as  inflammation. 

If  an  irritant,  such  as  silver  nitrate,  or  mustard,  Sec  be  apphed 
a  small  portion  of  a  frog's  web,  or  a  frog's  tongue,  inflammation 
set  up  over  a  circumscribed  area.  In  this  area  the  following 
ingcs  may  be  successively  observed  under  the  microscope, 
ic  first  effect  that  is  noticed  is  a  dilation  of  the  arteries,  ac- 
Com[>anied  by  a  quickening  of  the  stream.  The  capillaries 
become  filled  with  corpuscles,  and  many  passages  previously 
invisible  or  nearly  so  on  account  of  their  containing  no  corpuscles 
conic  mto  view.  The  veins  at  the  same  tune  appear  enlarge*!  and 
These  events,  the  filling  of  the  capillaries  and  veins,  and 
it  quickening  of  the  stream,  are  all  simply  the  results  of  the 
dkniinuiion  of  peripheral  resistance  caused  by  the  dilation  of  the 
small  arteries.  If  the  stimulus  be  very  slight,  this  may  all  pass 
away»  the  arteries  gaining  their  normal  constriction,  and  the 
capillaries  and  veins  in  consequence  returning  to  their  half-fiUcd 
condition  -,  in  other  words,  the  effect  of  the  stimulus  in  such  a 
case  is  rather  a  temporary  blush  than  actual  inflammation.  When 
the  stimulus  however  is  stronger,  the  quickening  of  the  stream 
gives  way  to  a  slackening ;  this  is  not  due  to  any  returning  con- 
ttfiction  of  t)ie  arteries,  for  they  still  continue  dilated.  The 
IpilUnes  and  veins  get  more  and  more  crowded  with  corpuscles, 
stream  becomes  slower  and  slower,  until  at  last  the  movement 
of  the  blood  in  the  now  distinctly  inflamed  area  ceases  altogether. 
'be  phase  of  accelerated  flow  has  given  place  to  sfasii.  The 
yillaries,  veins  and  small  arteries  are  choked  with  corpuscles, 
it  may  now  be  remarked  that  the  red  corpuscles  seem  to  run 
fether,  so  that  their  outlines  are  no  longer  distinguishable  ;  they 
;ar  to  have  l^ecome  fused  into  a  yeUow  homogeneous  mass. 
le  large  number  of  white  corpuscles  in  the  capillaries  and  veini 
also  a  conspicuous  feature,  l  his  slants,  this  arrest  of  the  ctinxjnt, 
is  not  due  to  any  lessening  of  the  hearrs  beat ;  the  arteral  pulsa* 
tions,  or  at  least  the  arterial  flow,  ntay   lie  seen  to  be  cnritinued 
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down  to  the  mflamed  area,  and  there  lo  cease  very  suddenly.  It 
is  not  due  to  any  increase  of  peripht-Tal  resistance  caused  l/y 
constriction  of  the  small  arteries,  for  these  continue  dilated  rather 
than  constricted.  It  must  therefore  be  due  lo  some  new  and 
unusual  resistance  occurring  in  the  capillary  area  itself.  The 
increase  of  resistance  is  not  caused  by  any  change  confined  to  the 
coq>uscles  themselves ;  for  if  after  a  temporary  delay  one  set  of 
corpuscles  has  managed  to  pass  away  from  the  inflamed  area^  the 
next  set  of  corpuscles  is  subjected  to  the  same  delay  and  the  same 
apparcrit  fusion. 

The  cause  of  the  resistance  must  therefore  lie  in  the  capillary 
walls,  or  ill  the  tissue  surrounding  them,  or,  lo  speak  perhaps 
niore  correctly,  it  depends  on  a  disturbance  of  ihe  relations  which 
in  a  heallhy  area  subsist  between  the  blood  in  the  capillaries  on 
the  one  hand,  and  the  capillary  walls,  with  the  tissue  of  which 
they  are  a  part,  on  the  other.  After  stasis  has  continued  for  some 
time,  the  tissue  outside  the  capillary  wall  is  seen  to  become 
crowded  with  white  corpuscles,  and  in  the  tissue  outside  the  veins 
are  seen  not  only  white  but  also  red  corpuscles.  There  can  be 
no  duubt  that  these  have  passed  through  the  capillary  and  venous 
walls;  they  may  indted  be  seen  in  transit,  but  the  mechanism  of 
their  passage  is  not  exactly  known.  We  have  no  clear  proof  that 
any  distinct  pores  do  exist  in  the  vascular  walls;  and  it  seems 
probable  that  in  the  protoplasmic  tissue  which  constitues  these 
walls,  a  teinporary  breach  made  by  the  passage  of  a  corpuscle 
may  be  immediately  and  completely  obliterated,  just  as  a  body 
may  be  thrust  through  a  film  such  as  that  of  a  soap-bubble,  and 
yet  leave  the  film  apparently  entire,  the  internal  cohesion  of  the 
lilm  at  once  repairing  the  breach. 

Except  in  cases  where  the  stimulus  produces  permanent  mis- 
chief, the  inflammation  after  a  while  subsides.  The  outlines  of 
the  corpuscles  become  once  more  distinct,  those  on  the  venous 
side  of  the  block  gradually  drop  away  in  the  neighbouring  currents, 
little  by  little  the  whole  obstruction  is  removed,  the  current 
through  the  area  is  re-established,  and  though  the  arteries  and 
capillaries  remain  dilated  for  some  considerable  lime,  they  eventu- 
ally return  to  their  normal  calibre.  Thus  it  is  evident  that  the 
peripheral  resistance  in  the  capillaries  (and  consequently  all  that 
depends  on  peripheral  resistance)  is  not  merely  a  matter  of  the 
mechanical  friction  of  the  blood  against  the  smooth  walls  of  the 
blood-vessels,  but  is  concerned  with  the  vital  condition  of  the 
tissues*  When  the  tissu^is  in  health,  a  certain  resistance  is 
offered  to  the  passage  of  blood  through  the  capillaries,  and  the 
whole  vascular  mechanism  is  adapted  to  overcome  this  resistance 
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10  such  an  extent  that  a  normal  circulation  can  take  1  ilace.    When 

the  tissue  becomes  inflamed,  the  disturbance  of  the  equilibrium 

between  the  tissue  and  the  blood  so  augments  the  resistance  that 

\c  passage  of  the  blood  becomes  difficult  or  impossible.     And  it 

quite   open  to  us  to  suppose  tliat   there   are    conditions   the 

iverse  of  inflammation,  in  which  the  resistance  may  be  lowered 

slow  the  normal,  and  the  circulation  in  the  area  quickened. 

Such  a  diminution  of  peripheral  resistance  may  possibly  in  part 

ilain  ihe  remarkable  quickening  oi  the  flow  of  blood,  which  is  seen 

fn  any  tissue  after  a  tenriporary  interruption  of  the  stream,  and  which  is 

also  wiincs.scd  in  the  caie  of  an  artificial  stream  kept  up  in  an  organ 

ich  as  the  liver  or  kidney  removed  from  the  body.     Mosso '  by  means 

"  the  Plcthysmograph  %  ilctermincd  that  the  amount  of  resistance 

lered   to   the   arliiicial   flow  of  blood  through  an   excised   kidney, 

spends  upon  the  gases  present  in  the  blood  passed   through,  the 

distance  being  greater   in  proportion  to  the  amount  of  carbonic  acid 

ipcctive  of  the  quantity  of  oxygen. 

Thus  the  vital  condition  of  the  tissue  becomes  a  factor  in  the 
intenance  of  the  circulation. 

It  is  perhaps  hardly  necessary  to  observe  that  the  considerations 

;cd  above  are  quite  distinct  from  what  is  sometimes  spoken  of  under 

name  of  'capillary'  force^  as  an  agent  of  the  circulation.     If  by 

Sillary  force  it  is  intended  to  refer  to  the  rise  of  fluids  in  capillary 
L-s,  it  is  evident  that  since  such  phenomena  arc  the  results  of 
Ihcsion,  capillarity  can  only  be  a  greater  or  less  hindrance  to  the 
►w  of  bloo  I,  seeing  that  this  is  propelled  by  a  force  (the  heart's  beat) 
lich  has  been  proved  by  experiment  to  be  equal  to  the  task  of  driving 
f>d  from  ventricle  to  auricle  through  the  capillary  regions.  If 
nllary  force  it  i^  meant  that  the  ti-jsucs  have  some  vital  power  of 
(rawing  the  fluid  parts  of  the  blood  from  the  small  arteries  and 
thus  of  assisting  an  onward  flow,  it  becomes  necessar)'  also  to  asssume 
that  they  have  as  well  the  power  of  returning  the  fluid  parts  to 
the  veins.  Both  thsse  assumptions  are  unnecessary  and  without 
fuundation. 


Sec.  7.    Chances  in  the  Quantity  or  Blood. 

In  an  artificial  scheme,  changes  in  the  total  quantity  of  fluid  in 
drculation  will  have  an  immediate  and  direct  effect  on  the  arterial 

•  I.u4wig*i  Arheitm,  1874, 

*  By  this  inanimcnt  variations  in  volume  are  measured,  and  where  these 
(pend  on  variation^  in  the  quantity  of  blood  pas&ing  the  organ  which  is  being 

ludieii,  *;tiaf>^«  in  ihc  circulation  may  thereby  be  inveMigated.  Cf.  Musm), 
^S  >pni  un  rmovomctodo  per  scriverc  movimenti  dct  vasi  sanguigm  nell'  uomOp** 
[/^i  d.  AWA  Accad,  d.  Set.  d,  lorino.  Vol.  xi.  ;  Francois- Franck,  Marey's 
tu*  dm  Lahornt.^  Vol,  11.  p.  i ;  and  the  earlier  memoir  of  Fick,  (/miirtmdL 
nth.  PkjfstaL  l^^.t  Hft.  r,  p.  51, 
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pressure,  increase  of  the  quantity  heightening  and  decrease 
diminishing  it.  This  effect  will  be  produced  partly  by  the  pump 
being  more  or  less  filkd  at  each  stroke,  and  partly  by  the 
peripheral  resislaiice  being  increased  or  dirninisl^ed  by  the  greater 
or  less  fulness  of  the  capillaries.  The  venous  pressuie  will  under 
all  circumstances  be  raised  with  the  increase  of  fluid,  but  the 
arterial  pressure  will  be  raised  in  proportion  only  so  hmg  as  tlic 
elastic  walls  of  the  arterial  tubes  are  able  to  exert  their  elasticity. 

In  the  natural  circulation,  the  direct  results  of  change  of 
quantity  are  obscured  by  compensatory  arrangements.  Thus 
experiment  shews'  that  when  an  animal  with  normal  blood- 
pressure  is  bled  from  one  carotid,  the  pressure  in  the  other  carotid 
sinks  so  long  as  the  bleeding  is  going  on  (this  of  course  not  so 
much  from  loss  of  blood  as  from  diminution  of  peripheral  resis- 
tance in  the  open  artery),  and  remains  depressed  for  a  brief  period 
after  the  bleeding  has  ceased.  In  a  short  time  however  it  regains 
or  nearly  regains  the  normal  height.  This  recovery  of  blood- 
pressure,  after  hsemorrhage,  is  witnessed  until  the  loss  of  blood 
amounts  to  about  3  per  cent  of  the  body-weight.  Beyond  that, 
a  large  and  frequently  a  sudden  dangerous  permanent  depression 
is  observed. 

The  restoration  of  the  pressure  after  the  cessation  of  the 
bleeding  is  too  rapid  to  pennit  us  to  suppose  that  the  quantity  of 
fluid  in  the  blood-vessels  is  repaired  by  the  withdrawal  of  lymph 
from  the  extra-vascular  elements  of  the  tissues.  In  all  probability 
the  result  is  gained  by  an  increased  action  of  the  vaso-motor 
nerves,  increasing  the  peripheral  resistance,  the  vaso-motor  centre* 
being  thrown  into  increased  action  by  the  diminution  of  their 
blood-supply.  When  the  loss  of  blood  has  gone  beyond  a  certain 
limit,  this  vaso-motor  action  is  insufficient  to  compensate  the 
diminished  quantity,  (possibly  the  vaso-motor  centres  in  part 
become  exhausted,)  and  a  considerable  depression  takes  place; 
but  at  this  epoch  the  Joss  of  blood  frequently  causes  ansemic 
convulsions. 

Similarly  when  an  additional  quantity  of  blood  is  injected  into 
the  vessels,  no  marked  increase  of  blood -p>ressure  is  observed  so 
long  as  the  vaso-motor  centre  in  the  medulla  oblongata  is  intacL 
If  however  the  cer\acal  spinal  cord  be  divided  previous  to  the 
injection,  the  pressure,  which  on  account  of  the  removal  of  the 
meduliary  vaso-motor  centre,  is  very  low,  is  permanently  raised 
by  the  injection  of  blood.  At  each  injection  the  pressure  rises, 
falls  somewhat  afterwards,  but  eventually  remains  at  a  higher  level 

*  Worm  Miilier,  Lud^Ai^'s  Arbeitm^  1873,  p.   159.     Lesser,  iind,^   i874« 
p.  ^ 
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before.  This  rise  continues  until  the  amount  of  blood  in 
Jhe  vessels  above  the  nonnal  quantity  reaches  from  2  to  3  per 
'  jnt.  of  the  body-weight  Beyond  this  point  there  is  no  further 
ic  of  pressure. 
Tfiesc  facts  shew,  in  the  first  place,  that  when  the  volume  of 
the  blood  is  increased,  compensation  is  effected  by  a  lessen mg  of 
the  peripheral  resistance  by  means  of  a  diminished  action  of  tlve 
faso-raotor  centres,  so  that  the  normal  blood -pressure  remains 
mstant.  They  further  shew  that  a  much  greater  quantity  of 
lood  can  be  lodgeil  in  the  blood-vessels  than  is  normally  present 
in  them.  That  the  additional  quantity  injected  does  remain  in 
the  vessels  is  proved  by  the  absence  of  extravasations,  and  of  any 
considerable  increase  of  the  extra-vascular  lymphatic  fluids.  It 
already  been  insisted  that  the  blood-vessels  are,  in  healthy  but 
tially  filled,  that  the  veins  and  capillaries  are  alone  able  to 
:eive  all  the  blood  in  the  body.  In  these  cases  of  large  addition 
blootl,  the  extra  quantity  appears  to  be  lodged  in  the  small 
rins  and  capillaries,  (especially  of  the  internal  organs,)  which  are 
»normally  distended  to  contain  the  surplus. 
We  learn  from  these  facts  the  two  practical  lessons,  first,  that 
jod-pressure  cannot  be  lowered  directly  by  bleeding,  imless  the 
lantity  removed  be  dangerously  large,  and  secondly,  that  there 
no  necessary  connection  between  a  high  blood-pressure  and 
Incss  of  blood  or  plethora,  since  an  enormous  quantity  of  blood 
be   driven    into    the    vessels   without   any   marked   rise   of 


Mutual  Relaiions  and  the  Coordinatian  of  the  Vascular  Factors. 

The   foregoing    considerations    shew   how   complicated,   am! 

dtive«  and  therefore  how  useful,  is  the  vascular  mechanism,     h 

ly  be  worth  while  briefly  to  summarize  the  relations  of  the 

fercnl  factors,  and  to  ])oint  out  the  manner  in  which  they  are 

made  to  work  in  harmony  for  the  good  of  the  body. 

Two  facts  stand  out  prominent  above  all  others;  (i)  the  heart's 

It   may   be   made   slow   by  vagus   inhibition,  and,  probably, 

ickened   by  withdrawal   of   the   constant   inhibitory  influence 

tcrciscd  by  the  cardio-inhibitory  centre  in  the  medulla.    (2)  The 

riphcral  resistance  may  be  diminished  by  diminished  action 

[iiating  action)   of  the  vaso-motor   centres,  and  increased  by 

reaped  action  (constricting  action)  of  the  same  centres. 

These  two  facts  are,  by  the  mediation  of  the  nervous  system, 

in  mutual  regulative  depeadence  oa  each  other.     Thus»  " 
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with  a  given  peripheral  resistance,  and  proportionate  blood- 
pressurej  the  heart  begins  to  beat  violently,  afferent  impulses 
passing  up  the  depressor  nerves  diminish  peripheral  resistance  (by 
opening  the  splanchnic  flood-gates),  and  prevent  the  rise  of  blood- 
pressure  which  would  otherwise  take  place.  In  this  way  a  delicate 
organ,  such  for  instance  as  the  retina,  is  sheltered  from  the 
turbulence  of  the  heart  by  a  change  in  the  flow  of  blood  rhrough 
the  less  noble  organs  of  the  abdomen.  Conversely,  if  peripheral 
resistance  be  in  any  area  increased,  the  general  blood -pressure  is 
prevented  from  rising  too  high,  by  reason  of  the  actual  increase  of 
blood-pressure  so  affecting  the  medulla,  that  inhibitory  impulses 
descend  the  vagus,  and,  by  producing  a  less  frequent  pulse,  lone 
down  the  distension  of  the  arteries. 

The  more  we  learn  of  the  working  of  the  body,  the  more 
aware  we  become  of  the  fact  that  it  is  crowded  with  regulative 
and  compensating  arrangements  no  less  striking  and  exquisite 
than  the  two  we  have  just  described.  Some  of  these  will  be  seen 
in  the  following  almost  tabular  statement  of  the  various  modifi- 
cations of  the  vascular  factors,  and  of  their  causes. 

A,      T/te  Beat  of  (he  Heart  is  affected 

1,  By  the  amount  of  distension  of  the  ventricular  cavities 
preceding  the  systole.     This  will  depend  on 

a.  The  quantity  of  blood  passing  into  the  ventricular  cavities 
during  the  diastole.  This  in  turn  is  determined  by  the  flow  of 
blood  through  the  \t\n%  the  flow  itself  being  influenced  by  the 
arterial  pressure,  respiratory  movements,  &c.  &c 

k.     The  force  of  the  auricular  contractions*. 

c»  The  amount  of  resistance  which  has  to  be  overcome  by 
the  systole.  This  is  determined  by  the  mean  arterial  pressure, 
and  is  influenced  by  everything  which  influences  that. 

2,  By  the  quantity  of  the  blood  passing  through  the  coronaty 
arteries.  In  the  frog  die  thin  walls  of  the  auricle  and  the  spoDgy 
texture  of  the  ventricle  permit  the  nourishment  of  the  cardiac 
substance  to  be  carried  on  by  direct  contact  with  the  blood  in  the 
cavities.  In  mammals  this  mode  of  nutrition  must  be  insignificant. 
In  them  the  condition  of  the  cardiac  muscles  and  nervous  appen- 
dages depends  almost  exclusively  on  the  blood  distributed  by  tlie 
coronary  arteries.  Putting  aside  the  vasomotor  supply  of  the 
coronary  arteries,  of  which  we  know  nothing,  we  may  say  thai 
the  amount  so  sent  will  depend  on  the  arterial  pressure  in  the 
aorta* 

•  Cf.  Roy,  Joum.  Physiol,,  i.  (1878)  p.  4S». 
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If  the  blood-current  through  the  muscles  of  the  heart  be  inter- 
mittent, instead  of  constant  as  in  other  muscles^  the  beat  of  the  heart 
must  be  itself  self-regulative,  and  the  whole  matter  becomes  very 
complicated  *. 

By  the  quality  of  the  blood  passing  through  the  coronary 
cries,  and  acting  upon  simply  the  muscular  tissue,  or  upon  the 
various  nervous  mechanisms,  or  upon  both.  This  is  well  illustrated 
by  the  action  of  poisons  (see  p.  191).  The  quantitative  relations 
of  the  normal,  and  the  presence  of  abnormal,  constituents  must  of 
necessity  profoundly  affect  the  hearths  beat. 

4.     Through  the  inhibitory  fibres  of  the  vagus, 

a.  By  the  blood  directly  stimubting  the  endings  of  the  vagus 
fibres.     This  is  only  seen  in  the  case  of  poisons. 

b.  By  the  blood  directly  affecting  the  cardio-inhibitory  centre 
in  the  medulla  oblongata,  either  positively  by  augmenting  the 
Dormal  inhibitory  influences  and  so  slowing  the  heart,  or  negatively 
by  depressing  those  influences  and  so  quickening  the  heart. 

£.  By  reflex  stimulation  of  the  same  centre.  Cases  of  exal 
tatioD  through  reflex  stimulation  have  already  been  quoted. 
Instances  of  depression  leading  to  quickening  of  the  heart's 
beat  are  not  so  clear.  The  afferent  impulses  may  be  started 
in  any  part  of  the  body;  but,  as  we  have  seen,  there  seems 
to  be  a  special  connection  between  this  centre  and  the  alimentary 

By  the  accelerator  nerves.*    We  have  however,  at  present, 
no  evidence  of  the  natural  activity  of  this  nerve, 

B.     The  Peripheral  Resistance  is  affected 

By  the  vital  />.  the  nutritive  condition  of  the  tissue  of  the 
This  is  again  influenced  by 

The  quality  (and  quantity  ?)  of  the  blood  brought  to  it 
TTiTOugh  the  agency  of  the  nervous  system,  as  in  cases  of 
inflammation  caused  by  nervous  influences. 
Both  these  points  are  very  obscure. 

2.    By  the  varying  calibre  (constriction,  dilation)  of  the  minute 
ries,  brought  about 

a.  By  the  blood  or  other  stimulus  acting  directly  on  the 
peripheral  vaso-rootbr  mechanism, 

b.  By  the  blood  acting  directly  on  the  vaso^motor  centres  in 
Jbe  ccDtriil  nervous  system. 

^    By  reflex  stimulation  of  the  vaso-motor  centres. 


•  CI  Gftrmd,  Jimrm,  Amat,  amd  Phys,^  vif,  p.  2l9i  ▼»»-  p.  54- 
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d.     It  is  more  than  probable  that  the  peripheral  resiatancer 

i.e.  the  amount  of  constriction  of  the  tninuie  arteriest  is  directly 
dependent  on  the  blood-pressure  itself.  In  common  with  all 
muscles,  the  contraction  of  the  circular  muscles  of  the  arteries 
will  be  greater  when  the  resistance  is  greater,  i,t.  when  the 
distension  of  the  vessels  is  greater.  That  is  to  say,  other  things 
being  equal,  with  an  increase  of  pressure,  due  for  instance  to  an 
increase  of  heart-beat,  the  distension  so  caused  will  be  more  than 
counterbalanced  by  the  increased  contraction  of  the  muscular 
fibre,  and  thus  the  pressure  still  further  increased.  This  of  course 
will  take  place  within  certain  limits  only*. 

Througli  th<'se  intricate  ties  it  comes  to  pass  that  an  event 
which  takes  place  in  one  part  of  the  body  is  felt,  to  a  greater  or 
less  extent,  by  all  parts.  To  take  a  simple  instance  :  a  change  in 
the  condition  of  the  skin  at  any  one  spot,  such  as  that  produced 
by  the  application  of  cold  or  heat,  may  lead, 

a.  By  direct  local  action  to  a  constriction  or  dilation  of  the 
vessels  of  the  part,  giving  rise  to  local  pallor  or  suffusion. 

j8.  By  reflex  action  through  the  central  nervous  system,  to  an 
increase  of  the  same  local  effects,  and  in  addition  to  a  change 
in  the  calibre  of  the  blood*vessels  in  other  parts.  This  distant 
reflex  change  may  be  of  the  same  or  the  opposite  nature  as  the 
local  change, 

y.  By  reflex  action  to  a  quickening  or  slowing  of  the  heart's 
beat,  though  the  heart  is  in  this  respect  less  intimately  connected 
with  the  skin  than  with  other  parts. 

Out  of  these  primary  effects  there  may  arise  secondary  effects ; 
the  constriction  or  dilation  produced  locally  will  affect  the  general 
blood  pressure,  which  in  turn  will  produce  all  its  effects. 

The  modifications  of  the  heart^beat  will  not  only  affect  the 
general  blood-pressure,  but  in  a  retlex  manner  may  affect  the 
peripheral  resistance,  and  hence  the  tlow  of  blood  in  particular 
areas  {e.g.  the  splanchnic  area).  The  modifications  of  the  flow 
through  the  area  directly,  and  also  through  those  secondarily, 
affected,  will  influence  the  temperature  and  chemical  changes  oi 
the  blood,  and  those  again  will  produce  their  effects  everywliera 
And  so  on. 

On  the  other  hand,  the  turbulence  which  would  be  the  natural 
outcome  of  all  these  events  is  softened  down,  by  the  compensating 
effects  of  which  we  have  spoken,  into  the  smoothness  which  we 
call  health.  Still  the  greatness  of  the  possibilities  of  change 
which  lie  hidden  in  the  body  are  clearly  enough  shewn  by  the 
violence  of  disease,  when  compensation  fails  of  accomplishment 
»  Cf.  Latiichenbergcr  and  Deahim,  Pliuger's  Archk^  Xli,  (1876)  p.  157. 
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The  proofs  of  the  circubtion  brouj^ht  forward  by  Harvey  (1628) 
required  for  their  completion  an  explanation  of  the  manner  in  which 
the  blood  parsed  from  the  small  arteries  to  the  small  veins.  For  this 
the  use  of  the  microscope  was  necessary ,_  and  Malpi^hi  (i66j)  was  the 
first  to  demon^tmte  the  capillary  circulation.  Leuwenhoek  afterwards 
(1674)  more  fully  described  the  passage  of  blood  through  the  capiU 
laries  as  seen  in  the  web  of  thf  frog's  fool,  in  the  fin  of  the  fish's  tall. 
and  in  other  transparent  structures. 

Observations  on  Blood- Pressure  were  first  made  by  Dr.  Stephen 
Halts*,  who  inserted  a  tall  tube  into  the  crural  artery  of  a  mare,  and 
©bscrved  the  height  (more  than  eight  feet)  to  which  the  column  of 
blood  rose.  He  thus  used  not  a  mercury,  nor  a  water,  but  a  blood, 
manometer.  Poiaenille'  introduced  the  mercury  manometer,  and  to 
him  we  are  indebted  for  our  knowleflge  of  the  fundamental  principles 
of  the  subject.  The  elaborate  treatise  of  Volkmann  ^  helped  to  formu- 
late our  knowledge ;  and  we  are  iDdebted  to  Ludwig  for  many  of  our 
present  methods  of  investigation. 

Claude  Bernard  *  was  the  first  to  observe  that  section  of  the  cervical 
sympathetic  on  one  side  of  the  neck  was  followed  by  a  rise  of  temper- 
ature and  dilation  of  the  blood-vessels  of  the  same  side  of  the  head. 
Brown-S^quard  in  the  same  year*  was  apparently  the  first  to  observe 
that  stimulation  of  the  peripheral  portion  of  the  divided  sympathetic 
brought  about  a  return  of  the  pallor  and  a  fall  of  temperature  '  he 
dearly  recognised  that  the  effects  of  the  section  of  the  sympathetic 
were  the  results  of  a  paralysis  of  the  blood-vessels.  Bernard  himself, 
somewhat  later  ^  observed  the  effects  of  galvanic  stimulation  of  the 
divided  nerve,  though  he  seems  not  to  have  obtained  so  distinct  a 
grasp  of  the  matter  as  did  A.  Waller',  who  in  Feb.  1853  clearly  recog- 
nised the  vaso-mi>torial  functions  of  the  cervical  s>'tnpathetic,  and  the 
relation  of  these  functions  to  the  action  of  the  same  nerve  on  the  iris. 
These  discoveries  formed  the  beginning  of  our  knowledge  of  the 
vasomotor  nerves.  Among  the  numerous  investigations  which  have 
litice  been  carried  on,  none  can  be  considered  more  importaot  than 
for  which  we  are  indebted  to  Ludwig  and  his  pupils. 


Estay}^  Vol  11,  (1732). 
^^  RitA,  i.  L  Causti  dn  Mituvcmetit  du  Samg^  1831. 
>  H&nudynamtk,  1850. 
<  Cempits  Kmdus,  xxxiv.  (1852)  p.  472, 
5  Fhtiaddphia  MaiUat  Examiner,  Aug.  1852,  p.  489,  quoted  in  Exptri' 
mtitial  Rts^irckfS  applttd  to  PkysioUfgy   atid  Pathology^   New  York,    1853, 
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CHAPTER  I. 
THE  TISSUES  AND  MECHANISMS  OF  DIGESTION. 


BE  food  m  passing  along  the  alimentary  canal  is  subjected  to  the 
action  of  certain  juices  which  are  the  products  of  the  secretory 
activity  of  the  epithelium-cells  of  the  alimentary  mucous  membrane 
itself,  or  of  the  glands  which  belong  to  it  These  juices  (viz. 
saliva,  gastric  juice,  bile,  pancreatic  juice,  succus  entericus,  and 
the  secretion  of  the  large  intestine),  poured  upon  and  mingUng 
with  the  food,  produce  in  it  such  changes,  that  from  being  largely 
insoluble  it  becomes  largely  soluble,  or  otherwij^c  modify  it  in  such 
a  way  that  the  larger  part  of  what  is  eaten  passes  into  the  blood, 
either  directly  by  means  of  the  capillaries  of  the  alimentary  canal 
or  indirectly  by  means  of  the  lacteal  system,  while  the  smaller 
part  is  discharged  as  excrement 

We  have  therefore  to  consider — ist,  the  properties  of  the 
vmrious  juices,  and  the  changes  they  bring  about  in  the  food  eaten, 
and,  the  nature  of  the  processes  by  means  of  which  the  various 
epithelium-ceils  of  the  various  glands  and  various  tracts  of  the 
canal  are  able  to  manufacture  so  many  various  juices  out  of  the 
common  source,  the  blood,  and  the  manner  in  which  the  secretory 
activity  of  the  cells  is  regulated  and  subjected  to  the  needs  of  the 
economy,  3rd,  the  mechanisms,  here  as  elsewhere  chiefly  of  a 
muscular  nature,  by  which  the  food  is  passed  along  the  canal,  and 
most  efficiently  brought  in  contact  with  successive  juices.     And 

End  lastly,  the  means  by  which  the  nutritious  digested  material 
parated  from  the  indigested  or  excremental  material,  and 
i>ed  into  the  blood. 
■ 
[uced  saliva,  as  it  appears  in  the  mouth,  is  a  thick,  glairy, 
ally  frothy  and  turbid  fluid.    Under  the  microscope  it  is  seen 
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to  contain,  besides  the  molecular  debris  of  food  (and  frequently 
cryptogamic  spores),  epithelium-scales,  mucus-corpuscles  and 
granules,  and  the  so-called  salivary  corpuscles.  Its  reaction  in  a 
Realthy  subject  is  alkaline,  especially  when  the  secretion  is 
abundant  When  the  saliva  is  scanty,  or  when  the  subject  suffers 
from  dyspepsia^  the  reaction  of  the  mouth  may  be  acid.  Sali>'a 
contains  but  little  solid  matter,  on  an  average  probably  about 
•5  p,  c,  the  specific  gravity  varying  from  1002  to  1006.  Of 
these  solids,  rather  less  than  half,  about  '2  p.  c,  are  salts  (includ- 
ing a  small  quantity  of  potassium  sulphocyanate).  The  organic 
bodies  which  can  be  recognised  in  it  are  chiefly  mucin,  with  small 
quantities  of  globulin  and  serum-albumin. 

The  chief  purpose  served  by  the  saliva  in  digestion  is  to 
moisten  the  food,  and  to  assist  in  mastication  and  deglutition.  In 
some  animals  this  is  its  only  function.  In  other  animals  and  in 
man  it  has  a  specific  solvent  action  on  some  of  the  food-stuffs. 
Such  minerals  as  are  soluble  in  slightly  alkaline  fluids  are  dissolved 
by  it.  On  fats  it  has  no  effect  save  that  of  producing  a  very 
feeble  emulsion.  On  proteids  it  has  also  no  action.  Its  charac- 
teristic property  is  that  of  converting  starch  into  sugar  (grape-sugar, 
glucose,  dextrose). 

Action  of  Saliva  on  Starch.  If  to  a  quantity  of  thin 
boiled  starch,  which  has  been  ascertained  to  be  free  from  sugar,  a 
small  quantity  of  saliva  be  added,  it  ivill  be  found  after  a  time 
that  the  whole  of  the  starch  has  disappeared,  having  been  replaced 
by  a  quantity  of  grape-sugar.  The  mixture  no  longer  gives  any 
blue  colour  with  iodine,  but  when  boiled  with  Fehling*s  fluid 
(cupric  sulphate  dissolved  in  an  excess  of  a  concentrated  solution 
of  sodium  or  potassium  hydrate),  gives  a  copious  red  or  yellow 
deposit  of  cuprous  oxide.  If  iodine  be  added  to  the  mixture  in 
the  early  stages  of  the  action  of  the  saliva,  a  red  or  violet  colour 
(more  or  less  obscured  by  the  blue)  will  be  observed.  This  indi- 
catcs  thp  presence  of  dextrin^  which  at  a  later  stage,  like  the 
starch  itseljf,  disappears.  In  fact  the  saliva  either  converts  the 
starch  into  dextrin  and  then  into  sugar,  or  first  splits  the  staicb 
into  dextrin  and  sugar,  and  then  changes  the  dextrin  into  sogar. 
The  essence  of  both  changes  is  the  assumption  of  a  molecule  of 
water.     Thus  starch,  C^HioOg,  or  more  probably 


(gnpe-fUK«r) 


CuH«Oi»  +  3H,0  -  C,H„0,  +  2(C«Hi,0,)  +  2H,0  -  3(QHi,0^ 

While  boiled  starch  is  thus  converted  into  grape-sugar  with  con- 
siderable rapidity,  raw  unboiled  starch  also  suffers  the  same  change, 
though  more  slowly.     If  a  quantity  of  raw  starch  be  suspended  in 
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water  and  saliva  be  added,  the  water  will  after  a  time  be  found  ro 
contain  sug,ir.     If  the  water  be  replaced  from  time  to  time,  tlie  starch 
will  gradually  disappear  until  a  remnant  is  left  which  gives  no  blue 
colour  with  iodine,  unless  acid  be    previously   added.     The  starch- 
corpuscle  consists  of  ^anuloie  givini^  a  blue  colour  with  iodine  alone, 
.Ti>d  celluloit  giving  a  blue  colour  with    iodine    on  the  addition  of 
uric  acid.     The  siliva  arts  on  the  granulose,  converting  it  into 
;  it  is  unable  to  act  on  the  cellulose.     When  starch  is  boiled,  the 
cijiiiosc  coats  of  the  starch-corpuscle  are  ruptured  and  the  -^ahva  has 
ready  accesi  to  the  granulose.     Hence  the  comparative  rapidity  of  the 
tion.     In  raw  starch  the  saliva  can  only  get  at  the  granulose  by 
versing  the  coal  of  cellulose. 

Brucke  '  distinguishes  in  the  starch-corpuscle,  besides  granulose  and 
cellulose,  a  third  body  which  he  calls  erythrogianuhse.  This  gives  a 
red,  not  a  blue  colour  with  iodine,  not  usually  seen  when  iodine  is 
added  to  starch,  because  erytbrogranulose  is  much  less  abundant  than 
ordinary  granulosa  Erytbrogranulose  is  converted  by  saliva  mto  grape- 
sugar,  but  not  so  readily  as  granulose.  Brucke  further  regards  dextrin 
resulting  from  the  conversion  of  starch  as  a  mixture  of  erytkrodtxtrin 
givinga  red  colour  with  iodine,  and  achroihiUxtrin  which  1^  not  coloured 
by  iodine.  The  former  is  readily  converted  by  saliva  and  simibr 
agents  into  grape-sugar,  the  latter  wnih  considerable  difficulty,  if  at 
all ;  so  that  a  tluid  originally  containing  starch,  after  it  has  been  acted 
upon  by  saliva  until  iodine  givc-j  no  longer  either  a  blue  or  red  colour, 
may  still  contain  a  considerable  quantity  of  dextrin  in  the  form  of 
achroodextrin.  When  starch  is  acted  upon  by  dilute  acids,  tbe  con- 
venion  into  dextrin  is  preceded  by  the  appearance  of  soluble  starch, 
Lt.  of  starch  which  like  dextrin  forms  a  clear  solution  with  water  but 
unlike  dextrin  gives  a  blue  colour  with  iodine. 

There  is  moreover  some  doubt  whether  the  sugar  resulting  from  the 
action  of  saliva  on  starch  is  all,  or  indeed  even  in  part,  true  grapc- 
augar  or  dextrose;  According  to  Musculus  and  v,  Mering*  the  products 
a  small  quantity  of  true  grape-sugar,  a  large  quantity  (70  p.  c.)  of 
kind  of  sugar  known  as  maltose,  and  achroodextrin.  Maltose, 
ich,  as  its  name  implies,  is  produced  by  the  jaction  of  diastase  on 
rch,  is  a  sugar  with  stronger  rotatory  power,  but  w  ith  less  reducing 
werthan  dextrose  ;  it  may  be  converted  into  dextrose  by  the  action 
of  dilute  acids  K  Other  observers*  also  affirm  that  the  sugar  produced 
p"  the  action  of  saliva  is  not  true  dextrose,  though  they  do  not  admit 
t  it  is  maltose.  It  is  very  probable  that  future  researches  may  bring 
light  many  varieties  of  sugar  allied  to  dextrose,  possibly  having 
IFerent  physiological  properties,  as  well  as  many  varieties  of  dextrin, 
nee  achroodextrin,  which  appears  according  to  all  observers  to  be 
one  of  the  products  of  the  action  of  saliva,  itself  resists  the  further 
action  of  the  ferment,  all  the  starch  subjected  to  the  action  of  saliva 
does  not  pass  into  sugar. 


yMamngim^  r.  p.  221. 
Zf*/,  Fhysinl.  Chtm,,  U,  (187$)  p.  403. 
•  Nasae,  Pifliiger'i  Art  Ah',  xiv,  (1877)  p.  473, 
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The  conversion  of  starch  into  sugar,  or  the  amylolytic  action 
of  saliva,  will  go  on  at  the  ordinary  temperature  of  the  atroo- 
sphere.  The  lower  the  temperature  the  slower  the  change,  and 
at  about  o^  C*  ibe  conversion  is  indefinitely  prolonged.  After 
exposure  to  cold  of  even  as  much  as  some  degrees  below  o",  when 
the  temperature  is  again  raised  the  action  recommences.  Increase 
of  temperature  up  to  about  35° — 40°,  or  even  higher,  favours  the 
change.  Beyond  60°  or  yo-"  increase  of  temperature  is  injurious, 
and  saliva  which  has  been  boiled  for  a  few  minutes  not  only  has 
no  action  on  starch  while  at  ihat  temperature,  but  does  not  regain 
its  powers  on  cooling.  By  being  boiled,  the  amylolytic  activity  of 
sahva  is  permanently  destroyed. 

The  action  of  saliva  on  starch  is  favoured  by  a  slighJy  ^.Vk^dlne 
medium.  It  will,  however,  stdl  go  on  even  in  the  presence  of  a 
small  quantity  of  free  acid.  Increase  of  acidity,  however,  checks 
it.  Thus  in  a  mixture  containing  "i  per  cent,  of  free  hydrochloric 
acid,  the  conver-iion  of  starch  is  arrested.  After  a  short  exposure 
to  a  dilute  acid,  saliva  will  regain  its  powers  on  neutralisation.  Its 
activity  is,  however,  pt^rmanently  destroyed  by  long  exposure  to 
weak,  or  by  shorter  exposure  to  strong,  acids.  Strong  alkalies  also 
destroy  »t. 

The  action  of  saliva  is  hampered  by  the  concentiaied  rr.  sencc 
of  the  product  of  its  own  action,  that  is,  of  sugar.  If  a  small 
quantity  of  saliva  be  added  to  a  thick  njass  of  boiled  starch,  the 
action  will  after  a  while  slacken,  and  eventually  come  to  almost  a 
stand -still  long  before  all  the  starch  has  been  converted.  On 
diluting  the  mixture  with  water,  the  action  will  recommence,  II 
the  products  of  action  be  removed  as  soon  as  they  are  formed, 
a  small  quantity  of  saHva  will,  if  sufficient  time  be  allowed,  con- 
vert into  sugar  a  very  large,  one  might  almost  say  an  indefinite, 
quantity  of  starch. 

It  is  at  present  uncertain  whether  the  constituent  of  the  saliva  on 
which  its  activity  depends,  is  at  all  consumed  in  its  action,  Paschutm* 
argues  that  it  is  j  but  other  observers  have  come  to  a  contrary  con- 
clusion. 

On  what  constituent  do  the  amylolytic  virtues  of  saliva 
depend  ? 

If  saliva,  filtered  and  thus  freed  from  mucus  and  the  forrned 
constituents,  be  treated  with  ten  or  fifteen  times  its  bulk  of 
alcohol,  a  precipitate  containing  all  theproteid  matters  takes  place. 
Upon  standing  under  the  alcohol  for  some  time  (several  days,  or, 
belter,  weeks),  the  proteids  thus  precipitated  become  coagulated 

«  CmiHt,/,  Mfd.  ITUsm,  1871. 
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and  insoluble  in  water.  Hence,  an  aqueous  extract  of  llie  pre- 
cipitate, made  after  this  interval,  contains  little  or  no  proteid 
material.  Yet  it  is  as  active,  or  almost  as  active,  as  the  original 
saliva  (the  solution  being  brought  to  the  same  bulk  as  the  saliva). 
If  the  precipitate  be  treated  with  concentrated  glycerine,  very 
little  passes  into  solution.  Nevertheless,  the  glycerine,  diluted 
with  water,  is  found  to  be  hij^hly  amylolytic.  Now  we  cannot  say 
t  even  this  small  quantity  of  matter  which  is  thus  soluble  in 
lyccrine  is  entirely  composed  of  the  really  active  constituents  ; 
may  be  and  probably  is  a  mixture  of  this  with  other  bodies.  An 
ylolytic  solution,  free  from  proteid  matter,  may  also  be  prepared 
'  Briicke's  method  for  isolating  pepsin  (see  p,  251)  ;  "but  this  also 
obably  contains  other  bodies  besides  the  really  active  con- 
ituent ;  whatever  tlie  active  substance  be  in  itself,  it  exists 
such  extremely  small  quantities,  that  it  has  never  yet  been 
salisfactonly  isolated ;  and  indeed  the  only  evidence  we  have  of 
its  existence  is  the  manifestation  of  its  peculiar  powers. 

The  salient  features  of  this  body,  which  we  may  call  ptyalin^ 
are  then  1st,  its  presence  in  minute  and  almost  inappreciable 
quantity  ;  2nd,  the  close  dependence  of  its  activity  on  temperature  ; 
5rd,  its  |>ermaneDt  and  total  destruction  by  a  high  temperature  and 
by  chemical  reagents  such  as  strong  acids ;  4th,  the  want  of  any 
ear  proof  that  it  itself  undergoes  any  change  during  the  mani- 
tation  of  its  powers  ;  that  is  to  say,  the  energy  necessary  for  the 
sformation  which  it  effects  does  not  come  out  0/  itsclj.  If  it  is 
at  all  used  up  in  its  action,  the  loss  is  rather  that  of  simple  wear 
and  tear  of  a  machine,  than  that  of  a  substance  expended  to  do 
work  ;  5th,  the  action  which  it  induces  is  of  such  a  kind  (splittmg 
up  of  a  molecule  with  assumpiion  of  water)  as  is  effected  by  the 
agents  called  catalytic,  and  by  tl^t  particular  class  of  catalytic 
agents  called  hydrolytic. 

These  features  mark  out  the  amylolytic  active  body  of  saliva 
belonging  to  the  thiss  o{  ftrments^ ;  and  we  may  henceforward 

of  the  amylolytic  ferment  of  saliva. 
Mixed  saliva,  whose  properties  we  have  just  discussed,  is  the 
t  of  the  mingling  in  various  proportions  of  saliva  from  the 
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'  FoTnents  may,  for  the  present  at  least,  be  divided  into  two  da.s^ses  com- 
IBudJt  caUed  organiwi  and  uncr^anistd.  Of  the  former,  yea.'^t  may  tie  tnken 
w^  «  well 'known  exsimple.  The  fermentative  activity  tjf  yera-t  H-hicH  Icarls  la 
tke  conversion  uf  joijjar  into  alcohol,  i^  clcj^endent  <in  the  life  mf  the  yca^l-ccU, 
Unteis  the  ycnvt^cdl  be  living  and  fuucnonal,  fenncntnliori  docs  nnt  lake 
Tire^  when  tlic  yeastccU  dic^  feroientation  ceases;  and  no  fubr^rance  ob- 
from  yeast,  by  precipitation  v»  ith  a]o>hol  or  otherwise,  will  jjive  rise  lOi 

tlic  ferroentation.     The  '^alivarv  ferment  belonj^  to  the  latter  class  ;  il  itt 
Lu^taoce,  not  a  living  orgonitm  lijce  yeast. 
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parotid,  submaxillary,  and  sublingual  glands  with  the  secrctioi^ 
froni  the  buccal  glands. 

Parotid  saliva,  as  obtained  by  introducing  a  cannula  into 
Stcnonian  duct,  is  clear  and  limpid,  not  viscid  ;  the  reaction  of  the 
first  drops  secreted  is  always  acid,  and  according  to  some  observasthc 
succeeding  portions  are  aho  faintly  acid,  except  when  the  flow  '19  very 
copious  ;  other  observers  however  find  with  even  a  moderate  flow  an 
alkaline  reaction  after  the  first  drops'.  Cn  standing,  it  becomes  turbid 
from  a  precipitate  of  calcic  carbonate,  due  to  an  escape  of  carbonic 
acid.  It  contains  globulin  and  some  other  forms  of  albumin,  with  little 
or  no  mucin.  Patassium  sulphocyanatc  is  present,  but  stntclural 
elements  are  absent.     In  man,  at  least,  it  acts  powerfully  on  starch- 

Submaxillary  saliva,  as  obtained  by  introducing  a  cannul.i  into  the 
duct  of  Wharton,  differs  from  parotid  saliva  in  being  more  alkaline 
and,  from  the  presence  of  mucusj  more  vi>cid ;  it  contains,  often  in 
abundance,  salivary  corpuscles,  and  amorphous  masses  of  proteid 
materia).  The  so-called  chorda  saliva  in  the  dog  (see  Sec  2)  is  under 
ordinary  circumstances  thinner  and  less  viscid,  contains  less  mucu^ 
and  fewer  structural  elements,  than  the  so-called  symf>atheitc  salivi, 
which  is  remarkable  for  its  viscidity,  its  structural  elements,  and  for  its 
larger  total  of  solids. 

Sublingual  saliva  is  more  viscid,  and  contains  more  mucin  and 
more  total  solids  (in  the  dog  275  p,  c),  than  even  the  submaxillaiy 
saliva. 

The  action  of  saliva  varies  in  intensity  in  different  animals. 

Thus  in  man,  the  pig,  the  guinea-pig*  and  the  rat,  both  parotid  and 
submaxillary  and  mixed  saliva  are  amylolytic  ;  the  submaxillary  saliva 
(or  infusion  of  gland)  being  in  most  cases  more  active  than  the 
parotid'.  In  the  rabbit,  the  subniaxillary  saliva  is  said  to  have  scarcely 
any  action,  while  that  of  the  parotid  is  energetic.  In  the  dog,  parotid 
saliva  is  wholly  inert  on  starch,  submaxillary  and  mixed  saliva  have  a 
slight  effect  only;  the  saliva  of  \hc  cat  is  more  active  than  that  of  the 
dog.  In  the  horse,  sheep,  and  ox,  the  amylolytic  powers  of  either  mixed 
saliva,  or  of  any  one  of  the  constituent  juices,  are  extremely  feeble. 

Where  the  sahva  of  any  gland  is  active,  an  aqueous  infusion  of 
the  same  gland  is  also  active.  The  importance  and  bearing  of  this 
statement  will  be  seen  later  on.  From  the  aqueous  infusion  of  the 
gtand,  as  from  saliva  itself,  the  fertnent  may  be  approximately 
isolated. 

In  some  cases  at  least  a  ferment  may  be  extracted  from  the  gland 
even  when  the  secretion  is  itself  inactive. 

The  readiest  method  indeed  of  preparing  from  the  gland  a 
highly  amylolytic  liquid  as  free  as  possible  from  proteid  and  other 

■  Astaschcwsky,  CM  AM,  Wiss,,  1878,  p.  257. 

■  Griitiner,  Vii^tr'^  Archiv^  xvi.  (1877 J  p,  105. 
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impurities,  is  to  mince  the  gland  finely,  dehydrate  it  by  allowing 
it  to  stand  under  ab;>olute  nlcohol  for  some  days,  and  then,  having 
poured  off  most  of  the  alcohol,  and  removed  tlie  remainder  by 
cvapomtion  at  a  low  temperature,  to  cover  the  pieces  of  gland 
with  strong  glycerine,  A  mere  drop  of  such  a  glycerine  extract 
rapidly  converts  starch  into  grape-sugar. 

Gastric  Juice. 

Gastric  juice,  obtained  by  artificial  stimulation  from  the  healthy 
stomich  of  a  fasimg  dog,  by  means  of  a  gastric  fistula,  is  a  thin 
almost  colourless  fiuid  with  a  sour  taste  and  odour. 

In  the  operation  for  gastric  ftstola,  an  incision  is  made  through  the 
lominal  walls,  along  llje  ///c^'ti  aU>a^  the  stomach  is  opened,  and  the 
of  the  gastri-:  wound  securely  sewn  to  those  of  the  incision  in  the 
duminal  walls.  Union  soon  takes  place,  so  that  a  permanent  open- 
from  the  exterior  into  the  inside  of  the  stomach  v&  established.  A 
i)C  of  proper  construction,  introdviced  at  the  time  of  the  operation, 
;comcs  firmly  secured  in  place  by  the  contraction  of  hcahng.  Through 
jc  tube  the  contents  of  the  stomach  can  be  received,  and  the  mucous 
lembrane  stimulated  at  pleasure. 

When  obtained  from  a  natural  fistula  in  man,  its  specific 
ivity  has  been  found  to  differ  little  from  that  of  water,  varying 
from  I  00 1  to  1*0 10,  and  the  amount  of  solids  present  to  be  very 
small,  viz.  about  ^56  per  cent. 

In  thedog,  Bidder  and  Schmidt '  found  the  amount  of  solids  to  be  as 
luch  as  27   per  cent,,  and  in  the  sheep   1*9  ;  from  this  it  might  be 
iferred  that   the  estimate  given    above    for  man    represents  not  a 
ighly  healthy  but  a  diluted  juice      Uut  Heidenhain  '  finds  in  the 
Ihat  the  se  Hit  ion  of  the  isolated  fundus  of  the  stomach  does  not 
more  thiin  '45  p.  c.  of  sohds,  and  the  higher  figures  of  Bidder 
jSchmidt  are  probably  due    to  an  admixture    with  remnants  of 
ted  food  and  secretions  of  the  Qcsopbagus  and  mouth. 

Of  these  about  half,  ^24  p.  c,  are  inorganic  salts,  chiefly 
alkaline  (sodium)  chlorides,  with  small  quantities  of  phosphates, 
The  orgnnic  material  consists  of  pepsin,  a  body  to  be  described 
imcdjately,  mixed  with  other  substances  of  undetermined  nature, 
a  healthy  stomach  gastric  juice  contains  a  very  small  quan- 
'  only  of  mucus,  unless  some  submaxillary  saliva  has  been 
fallowed. 
The  reaction  is  distinctly  acid,  and  the  aciditj-  is  normally  due 
free  hydrochloric  acid.     This  is  proved  by  the  fact  that  the 


»  Bidder  u.  Sclimtdt»  Dit  Vtrdauunf^sidfU^  p, 
•  Pfluger's  Artkiv,  xix.  (1879)  p.  I48. 
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amount  of  hydrochloric  add  is  more  than  can  be  nentmltsed 
the  bases,  and  the  excess  comesf^onHs  to  the  quantity  of  free  aci^ 
present*.  Lactic  and  butyric  and  other  adds  w^hen  present  art 
sccondaiy  products,  arising  either  by  their  respective  fermenU^ 
tions  from  articles  of  food,  or  from  decomposition  of  their  alkaline 
or  other  salts.  In  man  the  amount  of  free  hydrochloric  add  in 
healthy  juice  is  probably  about  '2  per  cent'. 

The  amount  of  free  acid  actually  found  by  Bidder  and  Schmidt  io 
the  juice  whose  specific  gravity  is  given  above  was  only  *o2  p.  c-,  but 
this  is  undoubtedly  below  the  normal  of  healthy  and  indeed  in  the 
dog  Bidder  and  Schmidt  ^  found  free  acid  to  the  extent  of  "3  p.  c,  and 
tn  the  sheep  123  p.  c,  while  Heidenhain*  obtained  by  his  method  a 
percentage  in  the  dog  as  high  as  '5. 

According  to  Richet '  the  acid  does  not  behave  exactly  as  does 
absolutely  free  hydrochloric  acid  ;  he  infers  that  it  exists  in  combina- 
tion with  some  substance  which  docs  not  destroy  its  free  actdiiy.  The 
same  observer  sutes  that  lactic  acid  makes  its  appearance  in  gastric 
juice  on  keeping,  even  when  unmixed  with  food. 

On  starch  gastric  juice  has  per  s^  no  effect  whatever  ;  indeed 
the  addity  of  the  juice  tends  to  w^eaken,  and  may  possibly  be 
sufficient  to  arre.st,  the  amylolytic  action  of  any  saliva  with  which 
it  may  be  mixed. 

On  grape  sugar  and  cane-sugar  healthy  gastric  juice  has  DO 
effect. 

When  the  stomach  contains  mucus,  gastric  juice  has  the  power  of 
converting  cane-sugar  into  grape-sugar.  This  power  seems  to  be  due 
to  the  presence  in  the  mucus  of  a  special  ferment,  analogous  to»  but 
quite  distinct  from,  the  ptyalin  of  saliva.  An  excessive  quantity  of 
cane-sugar  introduced  into  the  stomach  causes  a  secretion  of  muctts« 
and  hence  provides  for  its  own  conversion*.  « 

On  fats  gastric  juice  is  powerless.  They  undergo  by  reason 
of  it  no  change  whatever  in  themselves.  VVhen  adipose  tissue 
is  eaten,  alt  that  happens  in  the  stomach  is  that  the  proteid  and 
gdatiniferous  envelopes  of  the  fat-cells  are  dissolved,  and  the  fats 
set  free ;  the  fat  itself  undergoes  no  change  except  the  very 
slightest  emulsion. 

Such  minerals  as  are  soluble  in  free  hydrochloric  acid  are  for 
the  most  part  dissolved;  though  there  is  a  difference  in  this 
respect  between  gastric  juice  and  simple  free  hydrochloric  add 
diluted  with  water  to  thx!  same  degree  <jf  acidity  as  the  juice. 

'  Prddcr  u.  Schmidt,  0/f.  af.  Richer,  Journ.  dt  VAttat,  tt  dt  ta  I^ysUl.^ 
XIV.  (187S)  p.  170,  Szabo,  Zt.f.  Physio!.  Chi-m.^  I.  (1877 J  p.  140.  Ket^K 
7i»«r«.  of  Anat.  and  Physivl,^  VI 1 1.  (1874)  p.  274. 

*  kichet,  op.  fit.     Szab6,  op,  cU.         ^  Op.  <tL         *  Op,  ciL         5  Op  cH. 

*  Htipije-iicylcr,  Virchow's  Arckh\  X,  (1856)  p.  144. 
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The  essential  property  of  gastric  juice  is  the  power  of  dis- 
>lving  protcid  matters,  and  of  converting  them  into  a  substance 
Cjilled  peptone. 

Action  of  gastric  juice  on  proteids.     The  resuhs  are 
rniially  the  same  whether  natural  juice  obtained  by  means  of 
fistula  or  artificial  juice,  i>*  an  acid  infusion  of  the  ni'jcous 
lembranc  of  the  stomach,  be  used. 

Artificial  gastric  juice  may  be  prepared  in  any  of  the  followinjf 
ways, 

1.  By  scrapirii^  the  surface  of  a  (pig's  or  dog's)  stomach,  rubbing 
up  the  scrapings  with  pounded  glass  and  water  in  a  mortar*  Altering, 
and  adding  hydrochloric  acid,  till  the  filtrate,  which  is  in  itseh  some- 
what acid,  has  a  free  acidity  corresponding  to  '2  p,  c.  of  hydrochloric 
acid-  The  juice  thus  prepared  contains  but  litlle  peptone,  but  is  not 
very  potent, 

2.  By  removing  the  mucous  membrane  from  the  muscular  coat, 
mincing  the  former  Jinely,  and  allowing  it  to  digest  at  35''  C.  in  a  large 
auantily  of  hydrochloric  acid  diluted  to  2  p.  c.  The  greater  part  of 
tne  membrane  disappears,  shreds  only  bemg  left,  and  the  sumiwhat 
(*j  V  r  liquid  can  be  decanted  and  (iltered.  The  tiltrate  has  power- 
1  ve  (peptic)  properties,  but  contains  a  considerable  amount  Of 
li.u  i^.-wucrs  of  digestion  (peptone,  &c,),  arising  from  the  digestion  of 
the  mucous  membrane  itself  •, 

3.  From  the  mucous  membrane,  similarly  prepajed  and  minced, 
ihe  sujierfluous  moisture  is  removed  with  blotting  paper,  and  the  pieces 

I  into  a  comparatively  large  quantity  of  concentrated  glycerine, 
d  to  stand.  The  membrane  may  be  previously  dehydrated 
1HU14  .tllowed  to  stand  under  alcohol,  but  this  is  not  necessary, 
le  decanted  clear  glycerine,  in  which  scarcely  .my  of  the  ordinary 
roteid?  of  the  mucous  membrane  are  dis-olved,  if  added  to  hydro- 
iloric  acid  of  2  p.  c.  <a  few  drops  of  glycerine  to  100  c.c,  of  the  dilute 
nbcid  arc  sufficient),  makes  an  artificial  juice  free  from  ordinary  prottids 
and  peptone,  and  of  remarkable  potency,  the  presence  of  the  glyccrme 
^ot  intcrl'cring  with  the  results. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  after 

:?ng  thoroughly  washed  and   boiled,  be  thrown  into  a  quantity 

gastric  juice,  and   the   mixture   exposed  to   a  temperature  of 

im  35^*  to  40'  C,  the  hbrin  will  sjieedily,  in  some  cases  in  a  few 

linut6S^  be  dissolved.     The  shreds  first  'swell  up  and  become 

imnjipartnt^  then  fall  to  pieces  into  flakes  especially  when  the 

d  containiDg  them  is  shaken,  and  finally  disappear  with  the 

These  howevtf  may  t>e  removed  bj  concctitntiion  at  ^of'  C,  »nd  &BibM- 
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exception  of  a  little  granular  debris,  the  amount  of  which  vzn& 
according  to  circumstances- 

If  small  morsels  of  coagulated  albumin,  such  as  white  of  egg, 
be  treated  in  the  same  way,  the  same  solution  is  observed.  The 
pieces  become  transparent  at  their  surfaces ;  this  is  especially 
seen  at  the  edges,  which  gradually  become  rounded  down  ;| 
and  solution  steadily  progresses  from  the  outside  of  the  pieces, 
inwards. 

If  any  other  form  of  coarrulated  albumin  (^,^.  precipitated  acid- 
or  alkalKalbumtn,  suspended  in  water  and  boiled)  be  treatetJ  in 
the  same  way,  a  similar  solution  takes  place.  The  readiness  with 
which  the  solution  is  effected,  will  depend  ceteris  paribus^  on  the 
smallnoss  of  the  pieces,  or  rather  on  the  amount  of  surface  as 
compared  with  bulk,  which  is  presented  to  the  action  of  the 
juice. 

Gastric  juice  then  readily  dissolves  coagulated  proteids,  whtch^ 
otherwise  are  insoluble,  or  soluble  only,  and  that  with  difficulty, 
in  very  strong  acids. 

Nature  of  the  change  as  shewn  by  the  products  of 

the  action.  If  raw  white  of  egg,  largely  diluted  with  water  and 
strained^  be  treated  with  a  sufficient  quantity  of  dilute  hydro- 
chloric acid,  the  opalescence  or  turbidity  which  appeared  in  the 
white  of  egg  on  dilution,  and  which  is  due  to  the  precipitation  of 
various  forms  of  globulin,  disappears,  and  a  clear  mixture  results, 
If  a  portion  of  the  mixture  be  at  once  boiled,  a  large  deposit  of 
coagulated  albumin  occurs.  If,  however,  the  mixture  be  exposed 
to  35''  or  40°  C.  for  some  time,  the  amount  of  coagulation  which  is 
proiluced  by  boiling  a  specimt:n  becomes  less,  and,  finally,  boiling 
produces  no  coagulation  whatever.  By  neutralisation,  however, 
the  whole  of  the  albumin  (with  such  restrictions  as  the  presence 
of  certain  neutral  salts  may  cause)  may  be  obtained  in  the  form 
of  acid-albumin  or  syntonin,  the  filtrate  after  neutralisation  con 
tainmg  no  protcids  at  all  (or  a  very  small  quantity).  Thus  th*^ 
whole  of  the  albumin  present  in  the  white  of  egg  is  converted, 
by  the  simple  action  of  dilute  hydrochloric  acid,  into  acid-albumin 
or  syntonin. 

If  the  same  white  of  egg  be  treated  with  gastric  juice  instead 
of  simple  dilute  hydrochloric  acid,  the  events  for  some  lime  seem 
the  same.  Thus  after  a  while  boiling  ciuses  no  coagulation,  while 
neutralisation  gives  a  considerable  precipitate  of  a  proteid  body, 
which,  being  insoluble  in  water  and  in  dilute  sodium  chloride 
solutions,  and  soluble  in  dilute  alkali  and  acids,  at  least  closely 
resembles  syntonin.     But  it  is  found  that  only  a  portion  of  the 


i 


CHAP.   I] 


DIGESTION. 


249 


>tcids  originally  present  in  the  white  of  egg  can  thus  be  re- 

lined  by  precipitation.     A   great  deal    is  still   retained   in   the 

lltnite  after  neutralisation,  in  the  form  of  what  is  called  ptptvnt^ 

|nd,  on  the  whole,  the  longer  the  digestion  is  carried  on,  the 

reater  is  the  proportion  borne  by  the  peptone  to  the  precipitate 

thrown  down  on    neutralisation  ;   indeed,   in   some  cases  at  all 

events,  all  the  proteids  are  brought  into  the  condition  of  peptone. 

Peptone  is  a  protcid,  having  the  same  approximate  elemenuuy 

composition   as   otlicr   proteids,   and   giving  roost   of  the  usual 

pfoieid  reactions. 

It  is  distinguished  from  other  proteids  by  the  following  marked 
itures : 

ist»     It  is  not  precipitated    by   potassium   ferrocyanidc  and 
rtic  add,  as  are  all  other  proteids. 

2nd.  Though  soluble  in  distilled  water  and  in  neutral  saline 
solutions,  even  the  most  dilute,  and  therefore  not  precipitated 
from  its  acid  or  alkaline  solutions  by  neutralisation,  it  is  not,  like 
the  other  similarly  soluble  proteids,  coagulated  by  heat. 

3rd.     It  is  highly  diffusible,  passing  through  membranes  with 
greatest  ease*     (For  the  other  less  important  reactions  see 
idix.) 

TTie  neutralisation  precipitate  resembles,  in  its  general  cha- 

lactcrs,  acid-albumin  or  syntonin.     Since,  however,  it  probably  is 

distinguishaiile  from  the  body  or  bodies  produceil  by  the  action 

simple  acid  on  muscle  or  white  of  egg,  it  is  best  to  reserve  for 

the  name  of  paraprptom.     Thus  the  digestion  by  gastric  juice 

►f  while  of  egg  results  in  the  conversion  of  all  the  proteids  present 

»to  peptone  and  parapeptone,  of  which  the  former  must  be  con- 

idered  as  the  final  and  chief  product,  the  latter  a  bye  product  or 

litial  product  of  variable  occurrence  and  importance.    'Ihe  gastric 

igestiun  of  librin,  either  raw  or  boiled,  and  of  all  forms  of  coagu- 

lied   albumin,   gives   rise   to   the    same   products,   peptone   and 

parapeptone.     Milk  when  treated  with  gastric  juice  is  first  of  all 

coagulated  or  curdled.     This  is  the  result  partly  of  the  action  ol 

the  free  acid   and   partly  of  the  special  action  of  a  particular 

'  Mt  of  gastric  juice,  of  which  we  shall  speak   hereafter* 

;ulaied  milk  is  subsequently  dissolved   with   the   same 

r^nce  of  peptone  and  parapeptone  as  in  the  case  cf  other 

Is.    In  fact,  the  digestion  by  gastric  juice  of  all  the  ^aricties^ 

of  proteids  consists  in  the  conversion  of  the  protcid  into  pcpt 
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with  the  concomitant  appearance  of  a  certain  variable  amount  of 
parapeptone. 

When  raw  unboiled  fibrin  is  treated  with  gastric  juice,  ibe  digesting 
mixture  is  found,  when  examined  immediately  after  the  solution  of  the 
fibrin,  to  contain,  in  addition  to  peptone  and  parapeptone,  suhibie 
albumin  conj^ulable  bv  heat.  No  such  soluble  albumin  is  formed 
during  the  digestion  of  boiled  fibrin  or  of  any  form  of  coagulated 
;dbumm. 

Circumstances  aflfecting  gastric  digestion.     In  order 

to  come  to  a  satisfactory  conclusion  on  this  matter,  it  is  desirable 
to  use  the  same  proteid  in  all  the  experiments  ;  and  of  all  proteids, 
Injiled  fibrin  is  most  convenient.  It  should  be  boiled  rather 
than  raw,  becatisc  the  latter  is,  for  reasons  of  which  we  shall  speak 
presently,  soluble  to  a  certain  extent  in  dilute  acids  alone.  Since, 
as  will  be  secn^  a  given  amount  of  gastric  juice  may  by  proper 
management  be  made  to  digest  an  almost  indefinite  quantity  of 
fibrin  if  sufficient  time  be  allowed,  we  are  obliged  to  take,  as  a 
measure  of  the  activity  of  a  specimen  of  gastric  juice,  the  rapidity 
with  which  it  dissolves  a  given  quantity  of  fibrin. 

The  greater  the  surface  presented  to  the  action  of  the  juice, 
the  more  rapid  the  solution.  Hence  minute  division  and  constant 
tnovement  favour  digestion.  Neutralisation  of  the  juice  wholly 
arrests  digestion.  Fibrin  may  be  submitted  for  an  almost  indefi- 
nite time  to  the  action  of  neutralised  gastric  juice  without  being 
digested.  If  the  neutralised  juice  be  again  properly  acidified,  it 
becomes  quite  as  active  as  before,  f^igcstion  is  most  rapid  with 
dilute  hydrochloric  acid  of  '2  p.  c.  (the  acidity  of  natuia!  gastric 
jutce).  If  the  juice  contains  much  mure  or  much  less  free  acid 
than  this,  its  activity  is  visibly  impaired.  Other  acids,  lactic, 
phosphoric,  &c.  may  be  substituted  for  hydrochloric ;  but  they 
are  not  SO  effectual,  and  the  degree  of  acidity  most  uselul  varies 
with  the  diflerent  acids.  The  presence  of  neutral  salts,  especially 
sodium  chloride,  in  excess  is  injurious'.  The  presence  in  a  con- 
centrated form  of  the  products  of  digestion  hinders  the  process. 
If  a  large  quantity  of  fibrin  be  placed  in  a  small  quantity  of  juice, 
digestion  is  soon  arrested  ;  on  dilution  with  the  normal  hydro- 
chloric acid  ('2  p.  c),  or  if  the  mixture  be  submitted  to  dialysis, 
and  its  acidity  be  kept  up  to  the  normal,  the  action  recommences, 
fhgestion  is  most  rapid  at  about  35" — 40**  C. ;  at  the  ordinary 
temperature  it  is  much  slower,  and  at  about  o*  C-  ceases  aJto- 
u'eiher.  Gastric  juice  may  be  kept  however  at  o**  C.  for  an 
indefinite  period  without  injury  to  its  powers. 

'  A.  Schmidt,  PaUger's  ArcAw^  xili.  (i8y6)  p.  93. 
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The  gastric  juice  of  cold-blooded  vertebrates  it  relatively  more 

active  at  Jow  temperatures  than  that  of  warm-blooded  mammals  or 

ibinb;  whether  this  is  due  to  a  different  nature  of  the  gastric  juice,  or 

[to  attendant  circumstances,  is  uncertain*.     The  digestive  fluids  in  the 

ttomachs  or  intestines  of  invcrlelnaU  frequently  contain  a  ferment 

rholly  similar  to  pepsin  but  mixed  with  another  proteolytic  ferment 

rcscniibling  that  of  the  pancreas'. 

At  temperatures  much  above  40°  or  45°  the  action  of  the 
juice  is  impaired.  By  boiling  for  a  few  minutes  the  activity  of 
the  most  powerful  juice  is  irrevocably  destroyed.  By  removing 
the  products  of  digestion  as  fast  as  they  are  formed,  and  by 
keeping  up  the  acidity  to  the  normal,  a  given  amount  of  gastric 
I  juice  may  be  made  to  digest  an  almost  unlimited  quantity  of 
proteid.  This  shews  that  the  energies  of  the  juice  are  not 
exliausted  by  the  act  of  digestion. 

It  has  been  debated  whether  this  statement  is  absolutely  true* 
Bansome'i  however,  thinks  that  the  powers  of  the  juice  are  even  in- 
[ereased  by  action. 

Nature  of  the  action.  All  these  facts  go  to  shew  that  the 
digestive  action  of  gastric  juice  on  proteids,  like  that  of  saliva  on 
^starch,  is  a  ferment-action  •  in  other  words,  that  the  solvent  action 
of  gastric  juice  is  essentially  due  to  the  presence  in  it  of  a  ferment- 
body.  To  this  fennent-body,  which  as  yet  has  been  only  approxi- 
mately isolated,  the  name  oi  p€psin  has  been  given.  The  glycerine 
extract  of  mucous  membrane,  especially  of  th  it  which  has  l>een 
dehydrated,  contains  a  minimal  quantity  of  proteid  matter,  and 
yet  is  intensely  active.  The  elaborate  method  of  Brucke  gives 
us  a  residue  which  possesses  none  of  the  ordinary  proteid  re- 
actions, and  yet  in  concert  with  normal  dilute  hydrochloric  acid 
is  peptic  in  the  highest  degree.  We  may  therefore  safely  assert 
that  pepsin  is  not  a  proteid.  iJrucke's  residue  contained  nitrogen, 
but  it  would  be  hazardous  ttj  assert  that  that  residue  was  nothing 
bat  pepsin.  At  present  the  manifestation  of  peptic  powers  is  our 
only  test  of  the  presence  of  pepsin. 

Brucke^s*  method  is  as  follows.  Gastric  mucous  membrane  is 
digc-icd  with  dilute  phosphoric  instead  of  hydrochloric  acid.  To  the 
fiitered  digest  clear  iime-wjter  is  added,  until  a  violet  reaction  with 
Ittmus  is  gained.     The  bulky  precipitate  of  calcium  phosphate  carries 

•  Fick,  AtHttn  PAyjioL  Ub,  fVHrw.  tt.  (1873)  p.  iSl. 

•  Knikcnbcrg,  l/ni.  /  Ayi.  Jmt.  He%delbtrg^  \.  (l«77)  p,  327,  IL  (lS77)p.  t, 
,  261  ;  ftL.u  llup|jc  Scylei,  Pfliijjcr'i,  Atvkiv,  XtV.  (1877)  p.  395. 

»  y<mm,  Anat    Phyi.  (1876).  Vol.  X. 

•  Mftf-^vrhott's  UiHtrsiuh,  Vl.  (lJiS9)  p.  479. 
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down  with  it  mechanically  the  greater  part  of  the  pepsin  ;  the  super- 

natani  fluid  when  reacidified  has  ver>'  little  peptic  power.  The  pre 
cipitate  is  collected,  pressed,  suspended  in  water,  and  redissohtd  caie* 
fullv't  with  a  minimal  quantity  of  dilute  hydrochloric  a^nd,  and  rcpre- 
cipitated  with  lime-water  ;  much  of  the  peptone  which  went  down  with 
the  first  precipitate  is  thus  left  behind,  while  the  pepsin  siili  clings  to 
the  calcic  salt.  The  precipitate  is  again  dissolved  in  dilute  hydroch- 
loric acid,  placed  in  a  flask,  and  a  solution  of  cholesterin  jn  4  parts 
alcohol  to  1  ether  is  poured  in  slowly,  through  a  long  funnel  reachinj^ 
to  the  bottom  of  the  flask.  The  chnlesterin  rises  as  a  bulky  mass  to  the 
tup  uf  the  liquid,  carrjing  the  pepsin  with  it.  After  several  shaking's 
the  cholesterin  is  collected,  washed  with  water  acidulated  with  acetic 
acid,  and  then  with  pure  water.  While  still  moist,  it  is  transferred  tu 
a  vessel  and  i»haken  with  alcoholTree  ether,  which,  dissoKnng  the 
cholesterin  and  floating  on  the  top,  leaves  a  watery  stratum  below. 
This  must  be  repeated  until  all  the  cholesterin  is  dissolved.  The  ether 
is  retnovcd,  and  the  watery  residue  is  filtered.  The  filtrate,  thou>jh 
docs  not  give  the  ordinary  reactions  r  f  proteids,  is,  when  acidulat 
most  strongly  peptic.  By  dialysis  it  may  be  still  further  purified  {ft 
pepsin  will  not  pass  through  ordinary  dialysis  paper) ;  but  even  the 
dialysed  tluid  gives  a  precipitate  with  basic  and  neutral  lead-acetate. 

In  one  imporurt  respect  pepsin,  the  ferment  of  gastric  juice, 
'differs  from  ptyalin,  the  ferment  of  saliva.  Though  saliva  is  most 
active  in  a  faintly  alkaline  medium,  there  seems  to  be  no  special 
connection  between  the  ferment  and  any  alkali.  In  gastric  juice, 
however,  there  is  a  strong  tie  between  the  acid  and  the  fermcui,  so 
strong'  that  some  writers  speak  of  pepsin  and  hydrochloric  acid  as 
forming  together  a  compound,  pepto-hycirochloric  acid. 

In  the  absence  of  exact  knowledge  of  the  constitution  of  pro- 
teids, we  cannot  state  distinctly  what  is  the  precise  nature  of  the 
change  into  peptone.  Judging  from  the  analogy  with  the  action  of 
saliva  on  starch,  wc  may  fairly  suppose  that  the  process  is  at 
bottom  one  of  hydration  ;  but  we  have  no  exact  proof  that  it  is, 
and  it  is  at  least  quite  as  probable  that  peptone  arises  by  a  simple 
splitting  up  of  larger  proteid  molecules.  Peptone  closely  re- 
sembling, if  not  identical  with,  that  obtained  by  gastric  digestion, 
may  be  obtained  by  the  action  of  strong  acids,  by  the  prolonged 
action  of  dilute  acids  especially  at  high  temperature,  or  simply  by 
digestion  with  superheated  water  in  a  Papin's  digester.  The  nVf 
of  pepsin  therefore  is  only  to  facilitate  a  change  which  may  be 
effected  without  it.  Since,  in  the  act  of  digestion,  the  pepsin  itself 
is  not  exhausted,  it  is  clear  that  the  energy  which  is  spent  in  the 
conversion  of  the  proteid  into  peptone  does  not  come  from  the 
ferment. 

We  have  seen  that  a  particular  acid  and  a  particular  dilution  ar« 
most  favourable  to  digestion.     We  may  add,  that  the  natural  action  of 
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Uie  add  is  modified  by  the  presence  of  the  pepsin.  It  is  not  that  iti 
digestion  the  acid  converts  the  proteid  into  acid-albumin,  which,  in 
turn,  is  converted  by  the  pepsin  into  peptone.  Ordinary  albumin  is  less 
readily  converted  into  neutralisation  products  when  pepsin  is  present, 
than  when  pepsin  is  absent,  and,  as  we  shall  see,  the  neutralisation 
proiucls  probably  differ  also  in  nature  in  the  two  cases.  When  bones 
are  treated  with  simple  hydrochloric  acid,  the  earthy  sahs  are  dis- 
solved out,  and  the  animal  basis  left ;  when  bones  are  treated  with 
LStric  juice,  the  animal  basis  is  acted  on  more  speedily  than  the 
irthy  salts'*  The  natute  of  pjptic  digestion  will  however  be  m:3TC 
fully  discussed  under  pancreatic  digestion* 

All  proteids,  as  far  as  we  know,  are  converted  by  pepsin  into 
peptone.  Of  its  action  on  other  nitrogenous  substances  not  truly 
iroteid  in  nature^  we  need  only  say  that  mucin >  nuclein,  and  the 
^chemical  basis  of  homy  tissues  are  wholly  unatTected  by  it,  but 
that  the  gelatiniferous  tissues  are  dissoIve<l  and  changed  into  a 
substance  so  far  analogous  with  peptone,  that  the  characteristic 
property  of  gelatinisation  is  entirely  lost 

Chondrin  and  the  clastic  tissues  are  also  dissolved*. 

Milk  is  peculiarly  affected  by  gastric  juice,  whether  natural  or 
artificial.  It  is  curdled,  that  is  to  say,  its  casein  is  precipitated 
The  change  will  go  on  at  the  ordinary  temperature,  but  is  favoured 
[by  that  of  35* — 40".  This  properly  of  gastric  juice  (which  has 
[long  been  known  in  ilomestic  life,  the  retinet  used  for  the  purpose 
l©f  curdling  milk  in  the  manufacture  of  cheese,  or  for  other  pur- 
poses, being  an  infusion  of  calves*  stomach)  does  not  depend  on 
the  acidity  of  the  juice,  />.  the  casein  is  not  directly  precipitated 
,l>y  the  free  acid  of  the  juice ;  for  neutralised  gastric  juice  is 
Icfficacious.  Since  the  property  is  lost  when  the  neutralised  juice 
[is  boiled,  and  the  effects  are  so  closely  dependent  on  temperature, 
'it  scetns  probable — and  the  conclusion  is  supported  by  other  facts 
— that  the  effect  is  produced  by  the  action  of  a  special  ferment. 

This  ferment  is  not  identical  with  pepsin,  and  Hammarsten*  has 
succeeded  in  separating  the  two.  According  to  him  the  presence  of 
.milk-sugrir  is  not  necessary  to  the  change,  and  the  ferment  itself  docs 
Inot  give  nse  to  a  lactic  acid  fermentation.  He  therefore  does  not  re- 
,g3rd  the  curdling  as  the  mere  precipitation  of  casein  caused  by  the 
development  of  lactic  acid.  He  believes  the  process  to  be  a  species 
\i  coagulation,  in  which  an  insoluble  casein  arises  from  the  splitting 
\a\\  under  the  inflaence  of  the  ferment,  of  a  previously  soluble  body. 

*  Kuhne,  Uhrh.  p.  40. 

•  Ktontyef,  Zuf,  Biohg,  X.  (1874)  8*. 
>  UpuU^y  Ldhart/HreMHgi  FdrhaHdlin^r^  Bd.  VIO,  (187a)  p,  63. 


254 


BTLE. 


FBOOK  It 


BUe, 

The  quality  of  bile  varies  much,  not  only  in  different  animals, 
but  in  the  same  animal  at  diflTerent  times.  It  is  moreover  afTected 
by  the  length  of  the  sojourn  in  the  j^all-bladder  ;  bile  taken  direct 
from  the  hepatic  duct,  especially  when  secreted  rapid lv»  contains 
little  or  no  mucus;  that  taken  from  the  gall-blatlder,  as  of 
slaughtered  oxen  or  sheep»  is  loaded  with  mucus.  The  colour  of 
the  bile  of  carnivorous  and  omnivorous  animals^  and  of  man,  is  a 
bright  golden  red  ;  of  graminivorous  auimals,  a  golden  green,  or  a 
bright  green»  or  a  dirty  green,  according  to  circumstances,  being 
much  modiBed  by  retention  in  the  gall-bladder.  The  reaction  is 
alkaline.  The  following  may  be  taken  as  the  average  compasition 
of  human  bile  (Frerichs). 

In  tooo  parts, 
8592 


Water        

Solids  :— 

Bile  Salts 

FatSj  &C. 

Cholesterin 

Mucus  and  Pigment 

Inorganic  Sails     ,.* 


91-4 

9 '2 
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The  entire  absence  of  proteids  is  a  marked  feature  of  bile. 
With  regtard  to  the  inorganic  salts,  the  points  of  interest  are  the 
presence  of  a  large  quantity  of  sodium  chloride  (*2  to  '27  per 
cent.),  the  presence  of  phosphates,  of  iron  (about  *oo6.  p  c,  Fe), 
manganese,  and  occasionally,  at  all  events,  of  copper.  The  ash 
contains  soda  in  a  very  large  amount,  and  also  sulphates,  both 
coming  from  the  bile-salts.  The  constituents  which  deserve  chief 
attention  are  the  pigments  and  the  bile  salts. 

Pigments  of  Bile.  The  natural  golden  red  colour  of  normal 
human  or  carnivorous  bile,  is  due  to  the  presence  o{  Bilirubin^ 
This,  which  is  also  the  chief  pigmentary  constituent  of  gall-stones^ 
and  occurs  largely  in  the  ttrine  of  jaundice^  may  be  obtained  in 
the  form  either  of  an  orange-coloured  powder,  or  of  well -formed 
ihombic  tablets  and  prisms.  Insoluble  in  water,  and  but  little 
soluble  in  ether  and  alcohol,  it  is  readily  soluble  in  chloroform, 
and  in  alkaline  fluids.  Its  composition  is  C^aH^gNjjO,.  Treated 
^th  oxidizing  agents,  such  as  nitric  acid  yellow  with  nitrous  acid, 
it  displays  a  succession  of  colours  in  order  of  the  spectrum.     The 
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jtllowish  golden  red  becomes  green,  this  a  greenish  bluCt  then  blue, 
next  violet,  afterwards  a  dirty  red,  and  finally  a  pale  yellow.  This 
characteristic  reaction  of  bilirubin  is  the  basis  of  the  socalled 
Gmclin's  test  for  bile-pigments.  Each  of  these  stages  represents 
a  distinct  pigmentary  substance.    An  alkaline  solution  of  bilirubin, 

^exposed  in  a  shallow  vessel  to  the  action  of  the  air,  turns  green, 
fcoming  converted  into  Biiiverdln  (CjoHj^jN^Og  or  C|rtH,^N204 
Muly)»  the  green  pigment  of  herbivorous  bile.  Biliverdin  is  also 
found  in  the  edges  of  the  placenta  of  the  bitch,  and  at  times  in  the 
urine  of  jaundice,  and  is  probably  the  body  which  gives  to  bile  which 
las  been  exposed  to  the  action  of  gastric  juice,  as  in  biliarj'  vomits, 
its  charac  I  eristic  green  hue.     It  is  the  first  stage  of  the  oxidation 

fof  bihrubin  in  Gmelin's  test.  Treated  with  oxidizing  agents 
biliverdin  runs  through  the  same  scries  of  colours  as  bilirubin,  with 
the  exception  of  the  initial  golden  red. 

Wc  have  already  discussed,  ^,  39,  the  relation  of  bdifuljin  to  haema* 
toidin.  Other  pigments,  bllifusan^Mltprasin^  hftve  been  foand  in  small 
quuiiiities  in  gfill-ttooe& 

Fresh  normal  bile,  either  of  man,  the  cow,  the  pig,  or  dog,  exhibit* 
nn  absorpnoQ-bands,  thoui^h  these  make  tlicir  appearance  in  the 
alcoholic  extracts,  and  when  the  bile  has  become  altered. 

When  bilirubin  has  been  oxtdixed  down  to  the  last  (yellowish)  stage 

in  Gmclin's  test,  the  liquid  is  found  to  contain  a  body  with  character- 

'  itic  absorption-bands.     To  this  the  name  of  choUtdin  '  has  been 

iven.     Bilirubin  treated,  on  the  other  hand,   with  reducing  agents 

[sodium  amalgam)  is  converted  into  a  bc»dy  called  urobilin  (hydro- 

Mlirubin),  also  with  characteristie  spectrum  appearances'. 

The  bile-salts.     These  consist,  in  nxan  and  many  animals. 

Hum  glycochi}iate  and  taurocholate :  the  proportion  of  the  two 

ing  in  different  animals.     In  man  both  the  total  quantity  0/ 

le-salts  and  the  proportion  of  the  one  bile  salt  to  the  other  seem 

vary  a  good  deal,  but  the  glycocholate  is  always  the  more 

[abundant 3.      In   ox-gall,  sodium  glycocholate  is  abundant,   and 

mrocholate  scanty.     The  bile-salts   of  the  dog,  cat,  bear,  and 

ithcT  camivora,  consist  exclusively  of  the  latter,  the  former  being 

ilirely  absent. 

[n  the  bile  of  the  pig  two  peculiar  acids  are  present,  in  onion  with 
E»diam,  viz.  glycohyochoUc  and  taurohyocholic,  differing  however  but 
lightly  from  ibc  above.  Similarly,  the  bile  of  the  goose  contains 
ttirochcnuchohc  acid. 

•  Maly,  frt>m   SUtUPfgybfrif^e,  Bd.  59  (1869).  ■  Sec  p.  39. 

■  Cf.  Jao>)v*cii,  Bft.ii.  druruh.  Chtm.  Gtsrfl.  VI.  p.  1026.  Trifanowski, 
iR««cr'»  Anhiv,  IX,  ([874)  p.  492.  Scx:ulofl;  ibtJ,  XII.  (l875)  P*  54* 
'loppe-Seyler,  Ukr6,  (1878)  p.  301. 
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Insoluble  in  ether  but  soluble  in  alcohol  and  in  water,  the 
aqueous  soltitions  ha'V'ing  a  decided  alkaline  reaction,  both  s^ts 
may  be  obtained  by  crystallisation  in  tine  acicular  needles.  They 
are  exceedingly  deliquescent.  The  solutions  of  both  adds  have  a 
dextro-rotatory  action  on  polarized  light 

Preparation.     Bile,  mixed  with  animal  charcoal^  is  evaporated  to 

drjTiess  and  extracted  with  alcohol.  If  not  colourless,  the  alcoholic 
filtrate  must  be  further  decolorized  with  animal  charcoal,  and  ihc 
alcohol  distilled  off.  The  dry  residue  is  treated  with  absolute  ^cohol, 
and  to  the  alcoholic  filtrate  anhydrous  ether  is  added  as  long  as  any 
precipitate  is  formed.  On  standing  the  cloudy  precipitate  become? 
transformed  into  a  crystalline  mass  at  the  bottom  of  the  vessel.  U 
the  alcohol  be  not  absolute,  the  crystals  are  very  apt  to  be  changed 
into  a  thick  syTiupy  fluid.  This  mass  of  crystals  has  been  often  spoken 
of  as  fii/t'n.  Both  salts  are  thus  precipitated,  so  that  in  such  a  bile  as 
that  of  the  ox  or  man  bilin  consists  both  of  sodium  glycocholate  and 
sodium  taurocholate.  The  two  may  be  separated  by  precipitation 
from  their  aqueous  solutions  with  sugar  of  lead,  which  throws  dov«^n 
the  former  much  more  readily  than  the  latter.  The  acids  may  be 
separated  from  their  respective  salts  by  dilute  sulphuric  add^or  by  the 
action  of  lead-acetate  and  sulphydric  acid. 

On  boiling  with  dilute  acids  (sulphuric,  hydrochloric),  or 
caustic  potash,  or  baryta  water,  glycocholic  acid  is  split  up  into 
cholalic  (cholic)  acid  and  glycin,  Taurocholic  acid  may  siruilarly 
be  split  up  into  cholajic  acid  and  taurin.     Thus^ — 


iirlycocholic  add 


cholalic  arid 


Elycin 


tattTDcholic  acid  cholalic  acid  laurin 

C2,H,,NSO,  +  H20  =  C,,H,A  +  C2H,NS0jj. 

Both  acids  contain  the  same  nitrogenless  acid,  cholalic  acid  j 
but  this  acid  is^in  the  first  case  associated  or  conjugated  with  the 
important  nitrogenous  body  glycin,  oramido-aceticacid,  and  in  the 
second    case   with   taurin,    or    amido-isethionic  (amido-ethyl-sul- , 
phuric)  acid.     The  decomposition  of  \}\e  bile  acids  into  cholalic ' 
acid  and  taurin  or  glycin  respectively  takes  place  naturally  in  the 
intestine '  ;  so  that  from  the  two  acids,  after  they  have  server! 
their  purpose   in   digestion,    the   two  ammonia   compounds  are 
returned  into  the  blood.     Either  of  the  two  acids,  or  cholalic  acid 
alone,  when  treated  with  sulphuric  acid  and  cane-sugar,  gives  a  > 
magnificent  purple  colour  (Pcttenkofer's  test)  with  a  charactcrisric 
■.;pectruni.     A  similar  colour  is   produced   by  the  action  of  the 
same  bodies  on  albumin,  amyl  alcohol,  and  some  other  organic 
bodies. 

*  HoppC'Seylcr,  Virchow*f  ArtAiv,  xxv,  181 ;  xxvi.  (1863)  519. 
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By  dehydration,  chalalic  acid  is  converted  in  choloidic  acid 
ChHjsO^,  or  into  dyslysin  Cj4H5eO^ 

Action  of  Bile  on  Food.  In  some  animals  at  least  bile 
contains  a  ferment  capable  of  converting  starch  into  sugar;  but 
its  action  in  this  respect  is  wholly  subordinate. 

On  protcids  bile  has  no  direct  digestive  action  whatever.  But 
when  bile,  or  a  solution  of  bile-salts,  is  added  to  a  fluid  containing 
the  products  of  gastric  digestion,  a  copious  precipitate  takes  place, 
msisting  both  of  parapepione  and  peptone,  the  greater  part  of  the 
[pepsin  present  being  at  the  same  lime  earned  down  roechanically, 
so  that  the  supernatant  liqind,  even  when  rcncidified,  has  little  or 
no  peptic  powers.  The  precipitate  however  is  redissolved  in  an 
excess  of  bile  or  solution  of  bile^salts.  The  purpose  of  this  pre- 
cipitation, which  actually  takes  place  in  the  duodenum,  is  probably 
id  shield  the  ferment  of  the  pancreatic  juice  (see  below)  from  the 
destructive  action  of  the  pepsin.  And  in  general,  the  alkaline  bile, 
by  neutralising  the  acid  contents  of  the  stomach  as  they  pass  into 
the  duodenum,  prepares  the  way  for  the  action  of  the  pancreatic 
juice. 

With  regard  to  the  action  of  bile  on  fats  the  following  state- 
ments may  be  made : 

Bile  has  a  alight  solvent  action  on  fats,  as  seen  in  its  use  by 

painters.     It  has   by  itself  a  slight  but   only   slight    emulsifying 

power  ;  a  mixture  of  oil  and  bile  separate  after  shaking  rather  less 

rapidly  than  a  mixture  of  oil  and  water.     With  free  fatty  acidsi 

forms  soaps.     It  is  moreover  a  solvent  of  solid  soaps,  and  it 

appear  thact  the  emulsion  of  fats  is  under  certain  circum- 

'•tmnces  at  all  events  faciliiited  by  the  presence  of  soaps  in  solution. 

Hence  bile  is  probably  of  much  greater  use  as  an  emulsion  agent 

when  mixed  with  pancreatic  juice  than  when  acting  by  itself  alone. 

I  To  this  point  we  shall  return.     Lastly,  the  wetting  of  membranes 

Drith  bile,  or  with  a  solution  of  bile-salts^  assists  in  the  passage  of 

\hXs  through  membranes.  Oil  passes  with  considerable  ease  through 

a  filtcr-papei  kept  wet  with  a  solution  of  bile-salts,  whereas  it 

passes  with  extreme  difficulty  through  one  kept  constantly  wcl 

with  distilled  water. 

PancrtatU  yuice. 

Natural  healthy  pancreatic  juice  obtained  by  means  of  a  Icm- 
porary  pancreatic  fistula  differs  from  the  preceding  fluids  in  the 
comparatively  large  quantity  of  proteids  which  it  contains.  Its 
composition  varies  according  to  the  rate  of  secretion,  for  witn 
the  more  rapid  tlow  the  increase  of  total  solids  does  not  keep 
F.  P.  r; 
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pace  with  that  of  the  water,  though  the  ash  remains  remarkably 

constant. 

By  an  incision  through  the  linca  alba  the  pancreatic  duct  can  easUy 
be  found  either  in  the  rabbit  or  in  the  dog,  and  a  cannula  secured  in  it* 
There  is  no  difficulty  about  a  temporary  fistula  ;  but  Bernard  found 
that  with  permanent  fisiuLie  the  secretion  altered  in  nature^  and  tost 
many  of  its  chara  teristic  properties.  N.  O.  Bernstein*,  however,  has 
succeeded  in  obtaining  permanent  hstula:  without  any  impairment  of 
the  secretion. 

Healthy  pancreatic  juice  is  a  clear  viscid  fluid,  frothing  when 
shaken.  It  has  a  very  decided  alkaHne  reaction,  and  contains 
few  or  no  structural  constituents. 

The  average  amount  of  solids  in  the  pancreatic  juice  of  the  dog 
when  obtained  from  a  temporary  listula  is  about  8  to  lo  p.  c.%  but 
Bernstein  ^  found  in  the  thoroughly  active  secretion  from  a  per- 
manent fistula  about  25  p.  c.  (f68 — $'39)1  "8  being  inorganic 
matter.  The  important  constituents  are  albumin,  a  pecuhar  form 
of  casein,  or  alkali-albumin  ([jrecipitable  by  saturation  with  mag- 
nesium sulphate),  leucin  and  tyrosin,  a  small  amount  of  fats  and 
soaps,  and  a  comparatively  large  qtiantity  of  sodium  carbonate,  to 
which  the  alkaline  reaction  of  the  juice  is  due,  and  which  seems 
to  be  peculiarly  associated  with  the  alburnin. 

When  cooled  to  o''  C.  it  is  apt  to  undergo  a  sort  of  coag^ilation, 
becoming  fluid  again  on  being  gently  heated*. 

According  to  Kiihne*,  fresh  pancreatic  juice  of  the  dog  always  con- 
tains corpuscles  similar  to  salivary  corpuscles,  and  the  coagulation 
observed  by  Bernard  is  a  true  coagulation,  resulting  in  a  product  very 
similar  to  myosin.  The  coagulum  however  is  speedily  digested.  /Vr- 
fectijf  fresh  juice,  Kiibnc  states,  contains  neither  peptone  nor  tyrosin, 
and  only  the  barest  trace  of  leucin. 

Action  on  food-stufiFs.  On  stanh,  raw  or  boiled,  pan- 
creatic juice  acts  with  great  energy,  rapidly  converting  it  into 
grape-sugar.  All  that  has  been  said  in  this  respect  concerning 
saliva  might  be  repeHcd  in  the  case  of  pancreatic  juice,  except 
that  tlie  activity  of  the  latter  is  far  greater  than  that  of  the  former  ; 
the  pancreatic  juice  and  the  aqueous  infusion  of  the  gland  are 
always  capable  of  converting  starch  into  grape-sugar,  whether  the 
animal  from  which  they  were  taken  be  starving  or  well  fed. 

As  in  the  case  of  saliva  (p.  241)^  it  is  probable  that  the  sv.gar  formed 
IS  not  true  grape-sugar. 

■  Lud wig's  ArbeiX^,  1 869,  p.  I. 

»  Bernard,  Z/f.  Fkys,  Exp.,  1855,  II.  237. 

*  Bemardt  L^,  Phyk,  Exp,  IL  230. 

I  Vcrhandl.  Hddtlk  NaturhiH.  Mid.  Vtreins,  1876. 
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From  the  juice,  or,  by  the  glycerine  method,  from  the  gland 
itself,  an  amylolytic  ferment  may  be  approximarely  isol.itecK  On 
protfids  pancreatic  juice  also  exercises  a  solvent  action,  so  far 
similar  to  that  of  gastric  juice  that  by  it  proteids  arc  converted 
into  peptone.     If  a  few  shreds  of  fibrin  are  thrown  into  a  small 

Uity  of  pancreatic  juice,  they  speedily  disappear,  especially 
temperature  of  35°  C,  and  the  mixture  is  found  to  contain 
peptone.  The  activity  of  the  juice  in  thus  converting  proteids 
into  peptone,  is  favoured  by  increase  of  temperature  up  to  40'  or 
thereabouts,  and  hindered  by  low  temperatures ;  it  is  permanently 
destroyed  by  boiling.  The  digestive  powers  of  the  juice  in  fact 
depend,  like  those  of  gastric  juice,  on  the  presence  of  a  ferment, 
to  which  the  name  trypsin  has  been  given.  A  glycerine  extract 
of  pancreas,  prepared  m  the  same  method  as  that  of  Jthe  gastric 
mucous  membrane,  is  (under  appropriate  conditions)  active  on 
proteids,  like  the  native  juice. 

The  appearance  of  tibrin  undergoing  pancreatic  digestion  is 
however  different  from  that  undergoing  peptic  digestion.  In  the 
former  case  the  tibrin  does  not  swell  up,  but  remains  as  opaque  as 
before,  and  appears  to  suffer  corrosion  rather  than  solution.  But 
there  is  a  still  more  important  distinction  between  pancreatic  and 
|jeptic  digestion  of  proteids.  Peptic  digestion  is  essentially  an 
acid  digestion  ;  we  have  seen  that  the  action  only  takes  place  in 
tiie  presence  of  an  acid,  and  is  arrested  by  neutralisation.  Pan- 
creatic digestion,  on  the  other  hand,  is  essentially  an  alkaline 
digestion ;  the  action  will  not  take  place  unless  some  alkali  b€ 
present ;  and  the  activity  of  an  alkaline  juice  15  arrested  by  acidi- 
fication, and  hmdered  by  neutralisation.  The  glycerine  extract  of 
pancreas  is  under  all  circumstances  as  inert  in  the  presence  of 
free  acid  as  that  of  the  stomach  in  the  presence  of  alkalis..  If 
the  digestive  mixiure  be  supplied  with  sodium  carbonate  to  the 
extent  of  1  p.  c,  digestion  proceeds  rapidly,  just  as  does  a  peptic 
mixture  when  addidated  with  hydrochloric  acid  to  the  extent  of 
•2  p.  c  Sotlium  carbonate  of  i  p.  c.  seems  in  fact  to  play  in 
panca*atic  digestion  a  part  altogether  comparable  to  that  of 
hydrochloric  acid  a  p.  c  in  gastric  digestion. 

With  distilled  water  the  digestion  goes  on  but  very  slowly,  and  the 
'nddilion  of  sodium  carbonate  quickens  the  change,  in  proporuon,  to  the 
quantity  added,  up  to  about  '9  or  vz  p.  c.  Beyond  this,  furthin'  alkaU 
i*  a  hindrance,  and  large  quantities  stop  the  process  aU^jgcihcr,  Bile, 
which  arrests  peptic  digestion,  seems,  if  anything,  favourable  to  pan- 
.cre^tic  digestion*.     When  isolated  ferment,  a3  the  glycerine  extract  of 
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pancreas,  is  operated  with,  *i  p.  c  of  free  hydrochloric  acid  is  su6Scienf 
to  arr^t  the  action. 

Corresponding  to  this  difTcrence  in  the  helpmate  of  the  ferment, 
there  is  in  the  two  cases  a  ditference  in  the  nature  of  the  products 
In  both  cases  peptone  is  produced,  and  such  differences  as  can  at 
present  be  detected  between  pancreatic  and  gastric  peptones  are 
comparatively  slight ;  but  in  pancreatic  digestion  the  bye- product 
is  not,  as  in  gastric  digestion,  a  kind  of  acid-albunain,  but  a  body 
having  more  analogy  with  alkali-alhumin. 

Before  solution  has  actually  taken  place  the  Hbrin  becomes 
ahered  in  character  It  is  soluble  not  only  in  dilute  acids  and 
alkalis,  but  also  in  a  lo  per  cent,  solution  of  sodium  chloride,  and 
the  solutions  obtained  by  the  latter  reagent  are  coagulable  on  Ixjil- 
ing  and  on  the  addition  of  strong  nitric  acid.  The  first  action  of 
the  pancreatic  juice  therefore  seems  to  be  to  convert  the  proteid 
under  digesdon  into  a  body  intermediate  between  alkahalbumin 


I 


I  and  ordinary  native  albumin.  ^H 

But  though  the  go neraf  characters  of  pancreatic  and  gastric  ^| 
digestion  are  on  the  surface  so  similar,  it  is  more  than  probable  ^M 
that  profound  differences  do  exist  between  them.     This  is  shewn  ^M 


by  the  appearance,  in  the  pancreatic  digestion  of  proteids,  of  two 
remarkable  nitrogenous  crystalline  bodies,  /aian  and  iyrosin. 
When  fibrin  (or  other  proteid)  is  submitted  to  the  action  of  pan- 
creatic juice,  the  amount  of  peptone  which  can  be  recovered  from 
the  mixture  falls  far  short  of  the  original  amount  of  proteids,  mucJi 
more  so  than  in  the  case  of  gastric  juice  \  and  the  longer  the 
digestive  action,  the  greater  is  this  apparent  loss.  If  a  pancreatic 
digestion  mixture  be  freed  from  the  alkali-albumin  by  neutralisa- 
lion,  and  after  concentration  by  evaporation  be  treated  with  excess 
of  alcohol,  most  of  the  peptone  will  be  precipitated.  The 
alcoholic  filtrate  when  concentrated,  gives,  on  cooling,  crystals  of 
tyrosin,  and  the  mother  liquor  from  these  crystals  will  afford 
abundance  of  crystals  of  leucin.  Thus  by  the  action  of  the  pan- 
creatic juice  a  conj^iderable  amount  of  the  proteid,  which  is  being 
digested,  is  so  broken  up  as  to  give  rise  to  products  which  are  no 
longer  proteid  in  nature.  From  its  decomposition  there  arise 
leucin,  tyrosin,  and  probably  several  other  bodies^  such  as  fatty 
acids  and  volatile  substances.  In  gastric  digestion  such  a  complete 
destruction  of  proteid  material  occurs  to  a  much  less  extent;  neither 
leucin  nor  tyrosin  can  at  present  be  considered  as  natural  products 

tof  the  acrion  of  pepsin. 
As  is  well  known,  leucin  and  tyrosin  are  the  bodies  which 
make  their  appearance  when  protcids  or  gelatin  are  acted  on  by 
dilute  acids,  alkalis,  or  various  oxidising  agents.     Now  leudn  is 
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amulocaproic  acid,  and  thus  belongs  distinctly  to  the  fatty  bodies, 
while  tyrusin  \%  a  member  of  the  aromatic  group,  being  closely 
related  to  benzoic  acid.  So  that  in  pancreatic  digcstian  wc  have 
the  Uirge  comjilox  proteid  molecule  split  up  into  its  constituent 
fatty  acid  and  aromatic  molecules,  and  into  its  other  less  distinctly 
known  components. 

The  presence  of  these  bodies  and  of  the  alkali-albumln  in  p^increatic 
faice  is  probably  due  lo  an  inirinsic  digestion  taking  place  in  the  secre- 
tion iis  it  p.i^scs  along  the  duct  or  after  it  has  been  collected.  Among 
Ihc  supple uicDlATy  products  of  pancreatic  digestion  may  be  enumerated 
a  liody  which  gives  a  violet  coluur  with  chlorine  water  (diis  reaction  is 
o('.rn  '..  n  ,n  the  juice  itself),  arnil  niJi>/,  to  which  apparently  the  strong 
-,\  irly   ^cal   odour  which    makes    its    appearance    during 

\*A  digestion  is  due. 

indoi^  however,  unlike  the  Icucin  and  tyrosin,  is  possibly  not  a  pro* 
duct  of  pure  pancreatic  digestion,  but  of  an  accompanying  decomposi- 
tion due  to  the  action  of  organised  ferments,  A  pancfe:ttic  digestive 
mixture  soon  becomes  swarming  with  bacteria,  in  spite  of  caTcful  pre- 
cautions, when  natural  juice  or  an  infusion  of  the  gland  is  used.  Wlien 
isolated  ferment  is  used,  and  atmospheric  germs  e»  eluded,  no  odour 
whatever  is  produced*,  though  carbonic  acid  and  nitrogen  are  set  free  ; 
and  Kiihne  found  no  indol  pro^luced  when  pancreatic  digestion  was 
carried  on  in  the  presence  of  salicylic  acid,  which  prevents  the 
development  of  bacteria  and  like  organisms. 

After  long-continued  digestion,  especially  when  accompanied  by 
trcfactivc  decomposition,  the  amount  of  proteids  which  are  carried 
yond  the  peptone  stage  and  broken  up,  may  be  very  great  A 
ght  difference  between  pancreatic  and  gastric  digestion  m:iy  be 
und  in  the  fact,  that  while  fibrin  boiled  as  well  as  raw  is  readily 
ted  on  by  pancreatic  Juice,  boiled  albumin,  syntonin,  &c.  resist  the 
Hon  of  pancreatic  juice  to  a  much  greater  extent  than  they  do  that  of 
ric  juice* 

Theory  of  digestive  Proteolysis.      The   simplest   view  of  peptic 
U;^cstion  is  that  of  Hrucke ',  that  the  fibrin  or  albumin,  &c.  is  first 
mvcrted  into  syntonin  (parapeptonc^,  and  that  the  syntonin   (para- 
jptone)  is  converted  into  peptone  ;  and  is  moreover  supported  by  the 
't  that  the  final  result  of  digestion  with  a  very  active  juice  is  nothing 
It  peptone.     There  are  facts  however  which  shew  that  so  simple  a 
;w  cannot  be  accepted.     Meissner'  came  to  the  conclusion,  based 
vcr>'  laborious   researches,  that  the  conversion  into  syntonm  was 
icd  by  the  splitting  up  of  that  body  mX.^  peptone  and  paraprpiott^^ 
Iter  being  distingiiished  from  ordinary  syntonin  not  by  its  general 
rters»  but  by  the  fact  that  it  was  incapable  of  t)eing  further  con- 
into  peptone   by  the  action  of  gastric  juice,   thouijh   it  could 
[o   that   change  under  the  influence  of  pancreatic  juice.      He 

•  Hiifner,  7/  Ptakt,  Chnn,  N.  F.  X.  I. 

•  Wun,  Stliutiiiihrritkt^  XXXVlt.   131,  XLffl,  60I, 

•  ^/./.  /w.  /I/../,  VI I.  t,  viTi.  280,  X.  t,  Xtl   46^  XJV.  JOJ, 
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further  described  two  subsidiary  products,  mtiapeptone  ViJ\*^  -^*^'^*^^t^ 
but  the  characters  he  assigned  to  those  bodies  were  n  ry 

He  moreover  spoke  of  three  kinds  of  peptone,  A^B  and  C  ,^^.  -...  the 
last  not  beinff  prccipitable,  whilst  the  first  two  are,  by  acetic  acid  and 
potassium  ferrocyanide,  A  in  a  weakly  acid,  ^  in  a  strongly  acid  $ola 
tion  ;  in  other  words,  C  is  a  perfect  peptone  and  A  and  B  are  imperfect 
peptones.  Kiihne*  is  of  opinion  that  ever>'  natural  proteid  consists  of. 
and  may  be  split  up  into,  two  elements,  belonging  \s\  what  he  calls  re- 
spectively the  anti  group  and  the  hemi  group.  When  a  proteid  if 
digested  by  trypsin,  two  peptones  are  produced,  antipeptoru  and  a 
hfmipeptone.  Of  these  the  first,  antipeptone,  undergoes  no  furfbei 
change  under  the  action  of  trypsin  ;  it  remains  a  peptone.  Hemipep- 
tone  on  the  other  hand  is  readily  decomposed  by  trypsin  into  leucin, 
tyrosin  and  the  other  products  of  pancreatic  digestion.  S*i  also  when 
a  proteid  is  digested  by  pepsin,  the  same  antipeptone  and  hemipeptone 
are  formed  ;  bur,  unlike  trypsin,  pepsin  cannot  produce  any  further 
change  in  the  hemipeptone.  (The  assertion  that  leucin  and  tyrosin 
appear  as  products  of  peptic  digestion,  is  explained  by  the  fact  that 
pepsin  is  associated  in  the  ga-^tric  membrane  with  a  proteid  body, 
which  gives  up  considerable  quantities  of  leucin  and  tyrosin  when  dis- 
solved in  a  dilute  acid.  Trypsin  also  is  associated  with  a  similar  body 
in  the  pancreas,)  Thus  the  results  of  peptic  and  tr)'ptic  digestion 
together  are  antipeptone  with  leucin,  tyrosin,  &c.,  the  latter  arising 
from  the  profounder  tryptic  digestion  of  hemipeptone.  Between  these 
peptones  however  and  the  original  proteid  are  various  stages,  and, 
under  certain  circumstances,  various  bye-products.  Thus  antipeptone 
has  for  its  antecedent  antialbumcse  (Briicke's  para  peptone)  agreeing  in 
its  general  characters  with  the  syntonins,  but  capable  of  conversion  into 
antipeptone  only,  never  into  hemipeptone.  Similarly  hemipeptone  has 
an  antecedent  hemiaibumnse  (apparently  Meissner's.-^  peptone)  soluble 
in  dilute  acids  and  alkalis  and  in  a  lo  p.  c,  sodfum-chioridc  solution, 
and  convertible,  by  the  agency  of  pepsin  or  trypsin,  into  hemipeptone, 
and  of  trypsin  alone  into  leucin,  tyrosin,  Sec.  The  action  of  dilute 
hydrochloric  acid  at  40'  on  protcids  gives  rise,  on  the  side  of  the  bemi- 
grotip,  to  hemialbumose  and  so  to  hemipeptone.  By  the  action  of 
sulphuric  acid  at  100^^  C  the  hemipeptone  is  further  reduced  to  leucin, 
tyrosin,  &c.  On  the  side  of  the  anti-group  these  agents  give  rise  to  % 
body  which  Kiihne  calls  antialbumaU,  This  substance  also  occurs  in 
digestive  mixmrcs  where  the  pepsin  is  insufficient.  It  is  not  capable 
of  any  change  under  the  influence  of  pepsin,  but  by  tr>*psin  is  con- 
verted into  antipeptone.  It  is  evidently  the  real  parapeptonc  of 
Meissncr.  These  results  of  Kiihnc  it  will  be  seen  reconcile  some 
previous  contradictions  ;  and  the  distinction  of  the  anti-  and  hemi- 
groups,  if  it  prove  as  gener-il  as  Kiihne  supposes,  thro^vs  a  great  light 
on  proteid  metabolism.  It  may  be  remarked,  in  passing,  that  hemri- 
albumosc  agrees  very  closely  with  the  peculiar  proteid  body  discovered 
by  Hence  Jones  in  the  urine  of  a  case  of  osteomalacia.  According  to 
Kiihne,  while  the  activity  of  trypsin  is  entirely  destroyed  by  digestion 
with  pepsin,  trypsin  has  no  such  effect  on  pepsin, 

•   VtrhamfL  Naturkist.  M«i.  Vfreim,  HeidtL  1 876. 
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On  the  gelantiniferous  elements  of  the  tissues,  unless  they  have 
been  previously  treated  with  acid  or  heated  with  water,  pancreatic 
juice  appears  to  have  no  solvent  action.  In  this  respect  it  affords 
a  striking  contrast  to  gastric  juice'. 

Trypsin,  unlike  pepsin,  will  dissolve  mucin.  Like  pepsin,,  it  is  inert 
towards  nuclein,  homy  tissues,  and  the  so-called  amyloia  matter. 

On  Fats  pancreatic  juice  has  a  twofold  action  :  it  emulsifies 
them,  and  it  splits  up  neutral  fats  into  their  respective  acids  and 
lycerine. 

If  hog's  lard  be  gently  heated  till  it  melts  and  be  then  mixed 
ith  pancreatic  juice  before  it  solidifies  on  cooling,  a  creamy 
emulsion,  lasting  for  almost  an  indefinite  time,  is  formed.  So  also 
when  olive  oil  is  shaken  up  with  pancreatic  juice,  the  separation 
of  the  two  fluids  takes  place  very  slowly,  and  a  drop  of  the  mix- 
ture under  the  microscope  shews  that  the  division  of  the  fat  is 
very  minute.  An  alkaline  aqueous  infusion  of  the  gland  has 
similar  emulsifying  powers. 

If  perfectly  neuti^l  fat  be  treated  with  pancreatic  juice, 
especially  at  the  body-temperature,  the  emulsion  speedily  takes  on 
an  acid  reaction,  and  by  appropriate  means  not  only  the  corre- 
spond mg  fatty  acids  but  glycerine  may  be  obtained  from  the 
mixture.  When  an  alkali  is  present,  the  fatty  acids  thus  set  free 
rni  their  corresponding  soaps. 

Panr-rcatic  juice  contains  fats,  and  is  consequently  apt  after  collec- 
tion to  have  its  alkalinity  reduced,  and  an  aqueous  infusion  of  a 
pancreatic  gland  (which  always  contains  a  considerable  amount  of  fat) 
very  speeuily  becomes  acid. 

Thus  pancreatic  juice  is  remarkable  for  the  power  it  possesses 
of  acting  on  all  the  food-stuffs,  on  starch,  fats  and  proteids. 

The  action  on  starch  and  on  proteids  is  certainly,  and  the  splitting 
up  0(f  fatt^  acids  is  probably,  due  to  the  presence  of  distinct  ferments, 
and  Danilewsky*  has  suggested  a  method  for  isolating  these  three 
ferments.  The  emulsifying  power,  on  the  other  hand,  is  connected 
with  the  general  composition  of  the  juice  (or  of  the  aqueous  infusion  of 
the  gland  f,  beinij  probably  in  large  measure  dependent  on  the  alkali- 
aibumm  present.  The  proteolytic  ferment  trypsin  contains,  according 
to  Kuhnc,a  considerable  quantity  of  nitrogen  ;  and  the  fact  that  it  can 
be  digested  by  pepsin  would  seem  to  indicate  that  it  is  really  proteid  in 
nature.  There  are  no  means  of  distinguishing  the  amylolytic  ferment 
of  the  pancreas  from  ptyalin. 

The  action  of  pancreatic  juice,  or  of  the  infusion  or  extract  of 
the  gland,  on  starch,  is  seen  under  all  circumstances,  whether  the 

*  Eivald  and  Kuhne,   VerkaH^i.  Naturhist.  Aftd,  Vtrnm^  Hadii\erg^  Bd.  I 
tlS76K  ■  Virdiow's  Ar<Aiv,  XXV.  p.  297. 
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animal  be  fasting  or  not.     The  same  may  probably  be  said  of  r 
action  on  fals. 

Pancreatic  juice,   when  secreted  in  a  normal  state,  is  alwa 
active  on  protdds*.     The  glycerine  extract  or  aqueous  infusion 
the  gland,  on   the  contrar>',  dift'ers  at  different  times;  prcpar 
from  an  animal  some  4  tu   lo  hours  after  food  has  been  taki 
it  is  very  powerful ;  prepared  from  a   fasting  animal,   it  exhibi 
scarcely  any  action  at  all.     To  this  point  we  shall  return  immd-; 
diately. 

Succus  EnUricus. 

When,  in  a  living  animal,  a  portion  of  the  small  intestine 
ligatured,  so  that  the  secretions  coming  down  from  above  cannot 
enter  its  canal,  while  yet  the  blood-supply  is  maintained  as  usual, 
a  small  amount   of  secretion    collects  in  its  interior      This  it^j 
spoken  of  as  the  siuais  enUrkuSy  and  is  supposed  to  be  furnished] 
by  the  glands  of    Lieberkuhn.      We  have  no  exact  knowlcdg< 
however  as  to  what  extent  such  a  secretion  takes  place  undt 
normal  circumstances;   and  the    statements    with   regard  to 
action  are  conllicting.      Probably    it    has    no    direct  action  or 
either  fats  or  proteids  \  but  is  amylolytic  in  some  animals,  though] 
not  in  all 

Thiry '  divided  the  small  intestine  in  two  places  at  some  distant 
apart.     By  fine  sutures  he  united  the  lower  end  of  the  upper  with 
upper  end  of  the  lower  section,  thus  as  ii  were  cutting  (5ut  a  whole] 
piece  of  the  small  intestine  from  the  alimentary  tract.     In  successful  I 
cases,  union  between  the  cut  surfaces  took  place,  and  a  shortened  but) 
otherwise  satisfactory  canal  was  re-established.     Of  the  isolated  piece 
the  lower  end  was  carefully  closed  by  sutures,  while  the  upper  was 
brought  to  the  wound  in  the  abdominal  wall  and  secured  there.     A- 
fistula  was  thus  fonncd,  leading  into  a  short  piece  of  inicsiinc  quite 
isolated  from  the  rest  of  the  alimentary  canaL     From  this  isoiatedi 
intestine  Thiry  obtained  a  thin  yellowish  alkaline  albuminous  secretion | 
which  dissolved  fibrin  very  much  in  the  same  way  as  doe5  pancreatic | 
juice,  but  was  JneflTectual  on  other  proteids  and  had  no  action  on  starch. 
Masloff^  finds  that  the  juice  obtained  (from  dogs)by  Thiry^s  method,  acts  i 
on  starch  feebly,  but  has  no  action  on  fibrin  or  other  proteids  in  neutral  < 
or  alkaline  solutions  if   putrefactive    changes    be    carefully  avoided. 
KoUiker  and    H,     Muller    found    that    proteids    introduced    into  the  I 
intestines  were  digested  in  the  case  of  earnivora,  but  not  in  the  case, 
of  hcrbivora,     Funkc*also  agrees  with  Thiry  that  starch  injected  into 
Isolated  loops  of  rabbit's  intestine  is  not  converted  into  sugar  ;  while; 

■  N.  O.  Bernstein*  /.  f. 

■  Wim.  SiUuHgshtrkht^  Bd.  L.  (1864)  p.  77. 
»  Unlets.  Phyiid.  Inst,  Heidilbtrgt  11.  (1879)  p.  390. 
*  Ltkrb.  p.  igo. 
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Frcrichs  and  Busch  came  to  the  opposite  conclusion'.  Certainly  pieces 
of  the  intestine  of  the  pig  or  of  the  mbbit,  or  a  glycennc  cvtract  of 
the  pieces,  will  mpidly  convert  stnrch  into  siignr  ;  and  it  is  dlfticult  to 
suppose  that  this  action  is  due  to  an  admixture  of  pancreatic  juice 
rhjch  had  not  been  thoroughly  removed  by  washing,  smcc  pieces  of 
intestine  of  the  sheep,  which  arc  also  subject  to  admixture  with 
jctivc  pancreatic  juice,  arc,  when  similarly  treated,  inert  as  far  as 
irh  is  concerned.  StilJ  no  great  suess  can  be  laid  on  this,  since 
juiiylolyti:  ferment  can  be  obtained  from  almost  every  part  of  the 
of  a  pig  or  a  rabbit. 

Succus  eniericus  has  also  been  said  to  change  cane-  into  grape- 
^uyar,  and  by  a  fermentative  action  to  convert  cane-sugar  into  lactic 
:id,  and  this  again  into  butyric  acid  with  the  evolution  of  carbonic 
id  and  free  hydrogen. 
Of  the  possible  action  of  other  secretions  of  the  alimentary 
l1,  as  of  the  r^ncctim  and  large  intestine,  we  shall  sjK-ak  when 
come  to  consider  the  changes  in  the  alimentary  canal 

Concerning  the  secretion  of  Rrunner's  glands  our  information  is  at 
;n!  imperfect.  The  cells  of  the  glands  closely  resemble  the  ccniraJ 
tUs  of  the  gastric  glands  * ;  and  Griitiner  *  finds  that  an  extract  o\ 
le  gland  will  digest  hbria  in  an  acid  solution,  but  has  no  distinct 
lylolytic  actioti. 


r,  a.    The  Act  of  Secretion  in  the  case  of  the  Digestive 
Juices  and  the  Nervous  Mechanisms  which  regulate  it. 

The  various  juices  whose  properties  we  have  just  studied, 
though  so  different  from  each  other,  are  all  drawn  uhimatcly  from 
one  common  source,  the  blood,  and  they  are  poured  into  the  ali- 
mentary canal,  not  in  a  continuous  flow%  but   intermittently  as 
occasion  may  demand.     The  epithelium  cells  which  sujtply  them 
have  their  periods  of  rest  and  of  activity,  and  the   amount  and 
quality  of  the  fluids  which  these  cells  secrete  are  deienumcd  by  the 
needs  of  the  economy  as  the  food  passes  along  the  canal.    We  have 
therefore  to  consider  how  the  epitlielium  cell  manufactures  its 
si>eciat  secretion  out  of  the  materials  supplied  to  it  by  the  blood, 
id  how  the  cell  is  called  into  activity  by  the  presence  of  food  at 
►me  distance  from  itself,  or  by  circumstances  which  do  not  bear 
irectly  on  itself.     In  dealing  widi  these  matters  in  connection 
riih  the  digestive  juices,  we  shall  have  to  enter  at  some  length 
ito  the  physiolog)'  of  secretion  in  general. 


•  Cf    aUo  PjtschuJin,   Arehrv  AnaL    thynot^^    1871,   p, 
lUger'*  Archw,  IV.  (1871)  p.  575, 

*  SchwAlbc^  Arch./,  mifro.  A  ma/,,  Ylll.  (lS7a)  p.  97. 
»  Pfliigcr's  ArrAw,  xn.  (1S76)  p.  aSS. 
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The  question  wliich  presents  itself  first  is,  Does  the  epiihcliu: 
cell  simply  serve  as  a  filter,  merely  draining  off  from  the  blood 
the  already  formed  constituents  of  its  secretion,  each  cell  being 
fitted  in  some  way  to  catch  and  deliver  particular  substances?  in 
other  words,  Is  secretion  merely  selection,  just  as  from  a  mixture 
of  shots  of  various  sizes  a  selection  might  be  made  by  passing 
them  over  a  series  of  sieves  with  meshes  of  varving  i**idih  ?  or, 
does  the  cell  draw  upon  the  blood  for  the  nutritive  elemen 
required  for  the  growth  of  all  protoplasm,  and  out  of  those  co 
mon  elements  manufacture  in  the  recesses  of  its  own  substan 
the  chemical. bodies  which  characterize  the  fluiH  it  pours  forth? 

This  question  is  naturally  the  first  to  be  asked,  nevertheless 
will  be  of  advantage  to  defer  it  for  the  present,  and,  while  still! 
bearing  it  in  mind,  to  pass  on  to  the  second  question  :  By  whai 
mechanism  is  the  activity  of  the  secreting  cells  brought  into  play 

While  fasting,  a  small  quantity  only  of  sali^^a  is  poured  into 
the  mouth  ;  the  buccal  cavity  is  just  moist  and  nothing  more. 
When  food  is  taken,  or  when  any  sapid  or  stimulating  substance, 
or  indeed  a  body  of  any  kind,  is  introduced  into  the  mouth,  th 
flow  induced  may  be  very  copious.  Indeed  the  quanrity  secreted 
in  ordinary  life  during  24  hours  has  been  roughly  calculaltjd  al  as 
much  as  from  r  to  2  litres.  An  abundant  secretion  in  the  absei>c 
of  food  in  the  raouth  may  be  called  forth  by  an  emotion,  as  when 
the  mouth  waters  at  the  sight  of  food,  or  by  a  smell,  or  by  events 
occurring  in  the  stomach,  as  in  some  cases  of  nausea*  Evidently 
in  these  cases  some  nervous  mechanism  is  at  work.  In  studying 
the  action  of  this  nervous  mechanism,  it  will  be  of  advantage  to 
confine  our  attention  at  first  to  the  submaxillary  gland. 

The  submaxillary  gland  (Fig.  41)  is  supplied  with  nerves  from 
two  sources  :  from  the  cervical  sympathetic  along  the  submaxillary 
arteries,  and  from  the  seventh  or  facial  nerve  by  fibres,  which, 
running  in  the  chorda  tyrapani,  join  the  lingual  branch  of  the  fifdi 
nerve,  from  which  they  diverge  close  under  the  lower  jaw,  and 
run  as  a  small  nerve  close  beside  the  duct  to  the  gland. 

If  a  tube  be  placed  in  the  duct,  it  is  seen  that  when  sapid 
substances  are  placed  on  the  tongue,  or  the  tongue  is  stimulated 
in  any  other  way,  or  the  lingual  nerve  is  laid  bare  and  stimulated 
with  an  interrupted  current,  a  copious  flow  of  saliva  takes  place. 
If  the  sympathetic  be  divided,  stimulation  of  the  tongue  or  lingual 
nerve  still  produces  a  flow.  But  if  the  small  chorda  nerve  spoken 
of  above  be  divided,  stimulation  of  the  tongue  or  lingual  nerve 
produces  no  flow. 

Evidently  the  flow  of  saliva  is  a  nervous  reflex  action,  the 
lingual  nerve  serving  as  the  channel  for  the  afferent  and  the  small 
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chorda  nerve  for  the  efferent  impulses.  If  the  trunk  of  the 
linj^al  be  divided  above  the  point  where  the  chorda  leaves  it,  as 
at  Fig.  41  n.  /\  stimulation  of  the  tongue  produces,  under  ordinary' 
circumstanceSj  no  6ottr.  This  shews  that  the  centre  of  the  reflex 
action  is  higher  up  than  the  point  of  section;  it  lies  in  fact  in 
the  brain. 

In  the  angle  between  the  Jinj^ual  and  the  chorda,  where  the  latter 
leaves  tbc  former  to  pass  to  the  gland,  lies  the  small  submiixilUry 
ganglion  (represented  diagnimmatically  in  Fig.  41,  jot.  jf/.),  from 
which  branches  pass  to  the  lingual  on  the  one  hand  and  to  ihe  chorda 
on  the  other  ;  branches  may  also  be  traced  towanls  the  ducts  and 
glands  and  towards  the  tongue.  It  has  been  much  debated  whether 
this  grinjjlion  tan  act  as  a  ccnire  of  reflex  action. 

Bernard  '  found  that  after  he  had  divided  the  conjoined  Ungual  and 
chorda  at  about  one  cm,  above  the  place  where  the  chorda  diverges  to 
the  gland  (as  at  «.  /  Fig.  41),  stimulation  of  the  lingual  at  about  3  or 
4  cm.  distance  below  the  ganglion  still  caused  a  flow  of  saliva  ;  this 
eflTccl  however  was  no  longer  seen  when  the  branches  passing  from  the 
ganglion  to  the  lingual  had  been  previously  divided.  He  explained  the 
result  by  supposing  that  the  impulses  generated  by  the  stimulus  were 
conveyed  by  afferent  fibres  in  the  lingual,  along  the  lingual  roots  of  the 
nglion  to  the  ganglion,  and  were  thence  reflected  by  efferent  fibres 
ng  the  branches  from  the  ganglion  to  the  chorda  and  so  to  the 
nd.  The  ganglion,  in  fact,  acted  a*  a  reflex  centre.  The  same 
apparent  reflex  secretion  could  also  be  induced,  but  less  readily,  by 
pinching  the  peripheral  branches  of  the  lingual  near  the  tongue,  or  by 
dipping  them  into  concentrated  salt  solution.  In  this  case  also  the 
secretion  failed  to  appear  if  the  lingual  roots  of  the  ganglion  were 
divided.  Such  a  reflex  secretion  was  very  difficult  to  obtain  by  stimu- 
lation of  the  mucous  membrane  of  the  tongue ;  but  Bernard  was 
■  :?^iful  when  he  stimulated  the  tongue  directly  with  a  galvanic 
I  or  drew  the  tongue  out  and  placed  ether  on  its  surface.  The 
..ici^on  in  all  these  cases  was  accompanied  by  a  dilation  of  the  blood* 
Is  of  the  gland,  and  the  effect  on  the  gland  was  indeed  wholly 
to  that  of  directly  stimulating  the  chorda.  Bernard  further 
that  in  these  experiments  no  anaesthetics  were  to  be  used,  and 
cd  that  the  reflex  eflcct  was  no  longer  visible  when  two  or  three 
days  had  elapsed  after  section  of  the  conjoined  lingual  and  chorda 
trunks.  Both  these  facts  rather  militate  against  his  view,  since  it 
ms  improbable  that  a  sporadic  ganglion  should  be  so  susceptible  of 
sihctics,  or  than  degeneration  and  functional  incapacity  of  the 
glion  should  follow  upon  section  of  the  conjoined  lingiial  and 
orda  so  long  aa  the  afferent  and  efferent  connections  of  the  ganglion 
h  the  gland  and  tongue  were  kept  up. 

Eckhard '  in  repeating  Bernard's  experiments  failed  to  obtain  any 
rfiect  from  dipping  the  endings  of  the  lingual  nerve  in  salt  solution  or 

'  Cemptts  Rtmdus^  1862,  ".341. 

•  Zt.f,  rat.  Mid,,  XXIX.  (1867)  p.  74- 
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from  placing  ether  on  the  tongue,  and  he  vtTv  iwitmaJiy  jiixucd  {iKw^ 
strpporled  in  this  by  Heidcnhain  ')  that  ihe  t'lTccts  seen  wht-n  <^:ilv4iii- 
stimuUtion  was  employed  were  due  to  an  escape  of  the  •  |  on 

the  chorda  fibres.     SchifT*  did  obtain  reflex -ocrctfon   aft  if 

the  conjoined  lingual  and  chorda,  by  direct  i^alvanic  stifiJul.iuMn  >j»  ibc 


FiC.    41.       DiAURAUUATTC    R  CPItKIKNTATtOH     OP    THB    SunMAXTU^KV    GtAKS    OF    TWI 

Doc  WITH  ITS  Nenvii»  AHD  BUX>1>-VeS*81A. 

(Tlus  U  not  tMcnded  to  iUuitnie  the  cxAct  aruuomiciil  relatiQtu  of  the  severaJ  fttnicturc&) 

$m.rld  TUf  sifbrna^ilhry^  gLitid,  into  the  duct  (hh.  ^.)  of  which  a  cannula  ku  bvcn 
tied.     The  >'  "  '      '1  tuei  arc  nor  vbewn. 

w.  /..  w   /  '1  nerve,     ch,  /,,  cA.  f.  The  chorda  mniani,  prDOtsedlMC;  ln»in 

rb«  fiicUJ  n^  ;  yarned  with  the  lingual  at  i«^  ^  mod  aJtenr-«nJs  divcrgim  utl 

ung  to  the  m.inj  aion<  \\\k  tinci. 

tm.  fL  like  cubnuudllary  ganElioo  with  iu  «evefal  rcxita^  n.  L  The  (tufuftl  pfnceedir  - 
to  lUrlDn£\i«. 

rt.  ear.  The  carotid  artciy.  two  branches  of  which,  a,  tm,  a,  and  r,  tm  /  .  pass  «o  t'*^ 
anterior  *nd  posterior  p.in»  of  the  itUnd.  v.JrMr.  the  anterior  and  posterior  vcitu  (rom  tine 
gloAd,  falling  into  v.  j.  the  jtijafnlar  vein. 

f»,  tym.    rhe  conjoined  vagtn*  iui<i  >ympat>ictir  trunks. 

wt.  err.  t.  The  -suftcrHrervical  gajriiiUon.  two  branchc*  of  whirh  formijig'  a  i4exits  (*.  f)  ©wer 

f»c-i 


the  t&i'Lil  artery,  are  distributed  {n.  tym.  tm.y  alon^  the  two  glandular  aftcrie^  to  the 
«,nd  posterior  portions!  of  the  K'*"d. 

The  arrowi  iodicnte  the  direcrion  taken  by  the  ner\*tni»  impulses durtni;  rtrflex  stimola'ioti 
of  the  stand.     1  hey  aicend  to  the  brain  by  the  liogual  and  descend  fcy  the  chorda  tympumi. 

tongiie,  and  by  pouring^  ether  on  the  surface  of  thai  organ  ;  but  the 
currents  necessary  in  the  first  case  to  produce  any  effect  were  so  strong 
that  escape  must  have  taken  place, and  in  the  second  case  the  sccictioa 

*  BrtsUiu.  StuJim^  1868. 

*  Mt>lc>chutt'a  UnifrsttiAu»gm,  x.  (1S70),  423. 
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appeared  even  though  the  lingual  was  divided  close  under  the  tongue. 

and   when  therefore  this  ner\'e  could  not  have  been  the  channel  for 

conveying  impulses  to  the  submaxillary  gangUon.     He  further  pointed 

out  that  in  large  dogs  at  all  events,  certain  fibres  of  the  chorda  after 

running  along  the  conjoined  lingual  and  chorda  do  not  leave  the  ling:uu! 

vritli  the  rest  of  the  fibres  going  straight  to  the  gland,  but  continue  in  the 

lingual  close  up  to  the  tongue,  then  bend  round  and  as  recurrent fibris 

run  back  and  eventually  join  the  nerve  going  to  the  gland.  He  in  con 

>n»u<  ncc  argued  that   Bernard  in  stimulating   the  lingual  below  tht 

.;encc  of  the  chorda   was  in  reality  stimulating  not  afferent  but 

It  tibnes.     But  in  such  a  case,  these  recurrent  fibres  must  pa^ss  to 

the  •  horda  through  ihe   ganglion,  if  Bernard'-s  result  be  true  that  the 

r<  fl  \  effect  ceases  when  the  lingual  roots  of  the  gangUon  arc  dividcil 

f  further  states,  that  these  recurrent  fibres  degenerate  in  the  retro- 

puriion  of  their  court^e  when  the  lingual  is  divided  near  the 

c,  and  that  no  effect  follows  upon  stimulation  of  the  lingual  after 

•  n  <if  the  conjoined  chorda  and  lingual   if  the  lingual  have  some 

r  six  days  previously  been  divided  close  to  the  tongue  so  as  to 

degeneration  of  the  recurrent  fibres,  provided  that  the  stimula- 

•o  not  so  strong  as  to  lead  to  an  escape  of  the  current  to  the  main 

ui  fibres.     In  small  dogs  Schiff  could  not  so  readdy  demonstrate 

_      recurrent  fibres,  and  though  he  says  the  apparent  reflex  secretion 

IS  more  easdy  obtained  in  large  dogs,  such  as  Bernard  probably  used, 

than  in  smaller  ones,  it  is  improbable  that  mere  size  should  make  such  a 

difference  m  nervous  distribution  ;  and  if  an  escape  of  current  can 

ex  plum  the  results  in  the  one  case  it  can  also  probably  in  the  other. 

Bidder's  *  account  of  the  nerves  of  the  ganglion  at  first  sight  oflfcrs 
suppoit  to  Bernard's  views.     In  the  dog  he  finds^  passing  from  the 
ganglion  direct  to  the  tongue,  mcdullated   nerve-fibres  which  do  not 
degenerate  when  the  chorda  is  divided  at  its  exit  from  the  skull.  These 
fibres  accordingly  would  seem  to  take  their  origin  in  the  ganglion  and 
lo  be  the  afTtTLnt  nerves  required  for  Bernard's  views.     When  Bi^Jder 
divided  the  conjoined  lingual  and  chorda,  he  found  the  chorda  fibres 
after  about  three  weckscompletely  degenerated,  not  only  those  forming 
the  nerve  going  to  the  gbnd  but  also  those  con'^tituting  the  branches 
going  to  the  ganglion  :— />.  the  chorda  roots  of  the  ganglion.     In  the 
ganghon  and  in  the  branches  going  from  the  ganglion  to  the  gland 
Were  seen  numerous  degenerated  fibres  in  the  midst  of  undegenerated 
(hut  non-medullated)  fibres  which  seenjcd  to  have  their  origin  in  the 
ion  itself.     Thus  after  complete  degeneration  of  the  true  chorda 
there  still  remained  intact,  (i)  the  ganglion,  (2)  fibres  from  the 
on  to  the  tongue,  and  (3)  fibres  from  the  ganglion  to  the  gland, 
t,  exactly  the  ner\^ous  mechanism  demanded  by  Bernard's  view. 
I  iddcr,  hke  Eckhard,  failed  to  obtain  a  reflex  secretion  by  pouring 
»n  the  tongue  after  division  of  the  conjoined  Ungual  and  chorda, 
J  found  that  galvanic  stimulation  of  the  nenrxs  going  from  the 
Lit:  to  the  tongue  was  of  no  effect,  provided  that  errors  due  to 
4i<  of  current  on  to  the  main  chorda  fibres     ere  avoided  by  pre- 
viously inducing  through  section  degeneration  of  the  chorda  iibres 

Keicherl  u.  du  Boii-Rcyttiond's  ArcAiv^  iS67»  p,  t. 
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including  the  chorda  roots  of  the  ganglion.     So  that  Bidders  resutts 
the  end  oppose  the  view  that  the  ganglion  can  aa  as  a  centre  of  n 
action.      In  fact,  such  a  view  must  be  regarded  at  present  as 
provea. 

We  have  contrary  to  our  wont  given  this  controversy  in  detail  cm 
account  of  the  great  importance  of  the  subject.     The  subma^ 
ganglion  is  ahno^t  the  only  case  in  which  it  has  been  with  any  sl 
attempted  to  demon atrate  by  experiment  the  reflex  action  of  a  sptu^j 
ganglion,  and  the  question  whether  sporadic  ganglia  can  or  cj-m  t 
serve  as  centres  of  reflex  action  is  at  the  present  time  at  least  a  questiun 
of  much  interest. 

Stimulation  of  the  glossopharyngeal   is  even   more  eflTectiLil 
than  that  of  the  lingual.     Probably  this  indeed  is  the  chief  afferent 
nerve  in  ordinary  secretion.     Stimulation  of  the   mucous  mem- 
brane of  the  stomach  (as  by  food  introduced   through  a  g.i -mc 
fistula)  or  of  the  vagus  also  produces  a  flow  of  saliva,  as  in  '    ^ 
may   stimulation   of   the   sciatic,   and    probably  of   many    oihct 
afferent  nerves.     All  these  cases  are  instances  of  reflex  action,  the 
cerebro-spinal  system   acting   as  a  centre.     In   most   cases   the 
centre  lies  in  the  medulla  oblongata,  and  secretion  may  be  caused 
by  direct   stimulation    of  this   organ;  where   ideas  or   emotior.^ 
cause  a  flow,  the  stimulation  begins  higher  up  in  the  bmin  ;  .in'i 
in  cases  where  the  sense  of  taste,  as  distinguished  from  general 
sensation,  is  concerned  in   the   matter,  it   is   probable    that  the 
afferent  impulses  ascend  into  the  brain  higher  up  than  ihernedulh 
before  they  return  as   efferent  impulses.      In  all  these  cases  \hi 
chorda  tympani  is  the  sole  efferent  nerve.     Section  of  that  nerv< 
either  where  the  fibres  pass  from  the  lingual  nerve  and  the  sul 
maxillary  ganglion  to  the  gland,   or  where  it  runs  in  the  sami 
sheath  as  the  lingual,  or  in  any  part  of  its  course  from  the  mail 
facial  trunk  to  the  lingual,  puts  an  end  at  once  (with  the  disputi 
exception  mentioned  above)  to  the  possibility  of  any  flow  bein^ 
excited  by  stimuli  applied  to  the  mouth,  or  any  part  of  the  body 
other  than  the  gland  itself. 

This  statement  is  probably  loo  absolute ;  for  though  satisfactory 
evidence  of  reflex  excitation  of  the  submaxillary  gland  by  means  of 
the  sympathetic  is  not  forthcoming,  it  seems  unlikely  that  the  secretory 
as  distinguished  from  the  vaso-motor  activity  of  this  nerve  should 
never  be  put  to  use  in  actual  life« 

In  life,  then,  the  flow  of  saliva  is  brought  about  by  the  advent 
to  the  gland  along  the  chorda  tympani  of  efferent  impulses,  started 
chiefly  by  reflex  actions.  The  inquiry  thus  narrows  itself  to  the 
question  :  In  what  manner  do  these  efferent  impulses  cause  (be 
increase  of  flow  ? 
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If  in  a  dog  a  tube  be  introduced  into  V\'Tiarton*s  duct,  and  the 
chorda  be  divided,  the  flow,  if  any  be  going  on,  is  from  the  lack 
of  etfcrcnt  impuJses  arrested.  On  passing  an  interrupted  current 
through  tht  peripheral  portion  of  the  chorda,  a  copious  secretion 
at  once  cakes  place,  and  the  saliva  begins  to  rise  rapidly  in  the 
tube  ;  a  very  short  time  after  the  application  of  the  current  the 
flow  reaches  a  maximum  which  is  maintained  for  some  time,  and 
then,  if  die  current  be  long  continued^  gradually  lessens.  If  the 
current  be  applied  for  a  short  lime  only,  the  secretion  may  last  for 
some  time  alter  the  current  has  been  shut  offi  The  saliva  thus 
obtained  is  but  slightly  viscid,  and  contams  but  few  salivary 
corpuscles  or  protoplasmic  lumps.  If  the  gland  itself  be  watched, 
while  lis  activity  is  thus  roused,  it  will  be  seen  that  its  arteries  are 
dilated,  and  its  capillaries  filled,  and  that  the  blood  flows  rapidly 
through  die  veins  in  a  full  stream  and  of  bright  arterial  hue,  fre» 
qucntly  with  pulsating  movements.  If  a  vein  be  opened,  thig 
Urge  increase  of  flow,  and  the  lessening  of  the  ordinary'  deoxygen- 
alion  of  the  blood  consequent  upon  the  rapid  stream,  will  be 
still  more  evident  It  is  clear  that  excitation  of  the  chorda  acts 
on  some  local  vaso-motor  centre  in  the  gland,  and  largely  dilates 
the  arteries ;  the  nerve  acts  energetically  as  a  dilator  nerve. 

Thus  stimulation  of  the  chorda  brings  about  two  events;  a 
dilation  of  the  blood-vessels  of  the  glanti,  and  a  flow  of  saliva. 
The  question  at  once  arises,  Is  not  the  latter  simply  the  result  of 
the  former?  The  activity  of  the  epithelial  secredng  cell,  hke 
that  of  any  uiher  form  of  protoplasm,  is  dependent  on  blood- 
^  u  )»ly.  When  tlie  small  arteries  of  the  gland  dilate,  the  capil- 
1  :_3  become  fuller,  more  blood  passes  through  them  in  a  given 
time,  a  larger  amount  of  nutritive  material  passes  away  from  them 
into  the  surrouudtiig  lymph-spaces,  and  so  into  the  epithehum 
cells  (and  it  must  be  remembered  that  though  by  the  dilation  the 
pressure  in  the  arteries  of  the  gbnd  is  diminished,  tJiat  of  the 
capillaries  and  vcms  is  increasetl),  the  result  of  which  must  be  to 
quicken  the  processes  going  on  in  the  cells,  and  to  stir  these  up 
to  greater  activity.  This  must  be  so;  but  it  does  not  necessarily 
toliuw  that  the  activity  thus  excited  should  take  on  the  form  oi 
;crction.  It  is  quite  (KJssible  to  conceive  that  tlie  increased 
l-r.upply  should  lead  only  to  the  accumulation  in  the  cell  of 
le  constituents  of  the  saliva  or  ol  the  materials  for  their  con- 
Iniction,  and  not  to  a  discharge  of  the  secretion.  A  man  works 
rttcr  for  being  fed,  but  feeding  does  not  make  him  work  in  the 
kcnce  of  any  stimulus.  The  increased  blood-supply  therefoie, 
favourable  to  active  secretion,  need  not  necessarily  bring  it 
iL     Moreover  the  following  facts  deserve  attention.     When 
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fhe  chorda  is  energetically  stimulated,  the  pressure  acquired  by 
the  saliva  in  the  duct  exceeds  the  arterial  blood-pressure  Tor  the 
time  being;  tiiLit  is  to  say^  the  pressure  of  fluid  in   ih^  glami  out- 
side the  blood-vessels  is  greater  than  that  of  the  blood  inside  the 
blood-vessels.     This  must,  whatever  be  the  exact  mode  of  transi 
of   nutritive  material  through  the  vascular  walls,  lend    to   chect 
that  transit.     Again,  if  the  head  of  an  animal  be  rapidly  cut  off,' 
and  the  chorda  immediately  stimulated,   a  flow  of  saliva   uk 
place  far  too  copious  to  be  accounted  for  by  tlie  emptying  of  ih 
salivar)'  channels  through  any  supposed  contraction  of  their  wall 
In  this  case  secretion  is  excited  in  the  absence  of  blood -supply, 
Lastly,  if  a  small  quantity  of  atropin  be  injected  into  the  vems,; 
stimulation  of  the  chorda  produces  no  secretion  of  saliva  at  al! 
though   the  dilation  of  the   blood-vessels  takes   place   as   imi; 
This  remarkable  fact  can  only  be  accounted  for  by  supposing  l 
the  chorda  contains  two  sets  of  fibres,  one  secreting  fibres,  actin 
directly  on  the  epithelium  cells  only,  and  the  other  vaso-motor 
dilatinj*  fibres,  acting  on  the  blood-vessels  only,  and  that  airopi 
while  it  has  no  etTect  on  the  latter,  paralyses  the  former  just  as  ii 
paralyses  the  inhibitory   fibres  of  the  vagus.     These   facts,  aiv 
especially  the  last,  clearly  prove  that  when  the  chorda  is  stimulated, 
there  pass  down  the  nerve,  in  addition  to  impulses  affecting  the 
blood-supply,  impulses  affecting  directly  the  protoplasm  of  the 
secreting  cells,  and  calling  it  into  action,  just  as  £»imtlar  impuls 
call  into  action  the  contractility  of  the  protoplasm  of  a  niu-scul 
fibre.     Indeed  the  two  things,  secreting  activity  and  contractin 
activity,  are  quite  paralleL     We  know  that  when  a  muscle  co 
tracts,  its  blood-vessels  dilate;  and  just  as  by  atropin  the  secret- 
ing action  of  the  gland  may  be  isolated  from  the  vascular  dilation, 
so   Ijy   urari   muscular  contraction  may  be  removed,  and  leave 
dilation  of  the  blood-vessels  as  the  only  effect  of  stimulating  the 
muscular  nerve.     In    both    cases   the    greater   flow  of   blood   is 
an  adjuvant  to,   not   the   exciting  cause  of,  the   activity  of   the 
protoplasm. 

If  the  chorda  acts  thus  directly  on  the  secreting  cell,  there  must  be 
a  physiological  and  probiibly  an  anatomical  connection  between  the 
cell  and  the  nerve-fibre.  Although  Pfliiger's '  observations  as  to  the 
actual  mode  in  which  the  nerves  end  in  the  gland  have  not  been  gener- 
ally accepted,  nerve-fibres  have  l>ecn  traced  to  the  exterior  of  the 
alveoli,  and  Kupflfer'  has  shewn  that  in  the  so-called  ^aliv.iry  glands  of 
/J/fUc7f  the  nerve-fibres  certainly  pass  into  the  protoplasm  and  appor-' 
;ntly  end  in  the  nuclei  of  the  cells. 

Snicker's  Hhtohgy,  Syd,  Soc.  Trans.  Art.  Salivary  Glands  (by  Pfliigcr). 
Ludwig's  Fistgabe^  p.  Uiv. 
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When  the  cervical  sympathetic  is  stimulated,  the  vascular 
effects  are  the  exact  contrary  of  ihose  seen  when  the  chorda  is 
Slimutatcd.  The  small  arteries  are  contracted,  and  a  "small 
cjuaniiiy  of  dark  venous  blood  escapes  by  the  vein.  Sometimes, 
indeed,  the  flow  through  the  gland  is  almost  arrested.  The 
sympathetic  therefore  acts  as  a  constrictor  nerve,  and  in  this  sense 
is  amagonistic  to  the  chorda.  We  have  already  referred  to  the 
pn>bablc  existence  of  a  local  vaso-motor  centre  situated  in  I  he 
gland  itself,  in  which  indeed  there  are  fotmd  ganglionic  cells  in 
abundance.  The  fart  that  section  of  the  cervical  sympathetic 
does  not  cause  complete  dilation  of  the  vessels  of  the  gland— 
the  dilating  effects  of  stimulation  of  the  chorda  being  fully  evident 

r  previous  section  of  the  sympathetic — affords  additional 
support  to  this  view.  We  may  accordingly  state  that,  while  the 
chordi  tympani  inhibits,  the  sympathetic  exalts,  the  action  of  this 
local  centre. 

The  antagonism  between  the  two,  as  far  as  the  blood-supply  is  con- 
cerned^ is  very  imperfect,  the  sympathetic  being  the  more  powerful ; 
thus  stiriiulation  of  the  chorda  produces  very  little  effeci  in  altering 
lliG  results  of  a  concomitant  strong  stimulation  of  the  sympathetic*. 

The  effects  on  the  flow  of  saliva  from  the  submaxillary  gland 
of  the  dog  broughl  about  by  stimulation  of  the  sympathetic,  are 
very  peculiar,  A  slight  increase  of  flow  is  seen,  but  this  soon 
pxsses  off.  and  what  saliva  is  secreted  is  remarkably  viscid,  of 
higher  specific  gravity,  and  richer  in  corpuscles  and  protoplasmic 
lumps,  and  it  is  said  to  be  more  active  on  starch  than  the 
chorda  saliva*.  This  action  of  the  sympathetic  is  not  affected  by 
atfopin. 

In  the  cat  on  the  contrary  the  chorda  saliva  is  distinctly  more 

is<:id  than  the  sympathetic  saliva,  though  it  is  produced  in  greater 

Inmdancc  upon  stimTdution,     Th-'  secretory  activity  of  the  cat's 

fmpathetic  is  also  arrested  by  atropin,  though  a  larger  dose  than 

lat  wluch  paralyzes  the  chorda  is  required 3.     In  the  rabbit  both 

chorda  and  sympathetic  saliva  are  free  from  mucus,  tlKjUgh  the 

Ulcr  is  secreted  more  scantily  than  the  former.     The  marked 

mtrast  therefore  shewn   in   the  dog  between  the  two  kinds  of 

iliva   must  not   be  considered   as  of  fundamental  origin.     We 

II  return  later  on  to  a  discussion  of  the  essential  differences 

;twccn  chorda  and  sympathetic  action. 

*  Frey,  Lud wig's  Arhciten,  1S76,  f).  %^. 

*  Lckharil,  Batrage^  \\,  (i860)  p.  81  ;  HI.  (1S64)  p.  39^ 
'  I.aiiglcy.  Journ.  rhysitfL^  |.  (1878^  p.  0. 
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Most  observers  agree  that  when  both  cboida  and  sympathetic 
stimiilaied  at  the  same  time  with  strong  cunents,  the  action  of 
chorda,  contrary  to  what  takes  place  as  far  as  the  blood^suppjy  is  c 
cerned^  prevails  as  far  as  accretion  is  concerned,  />.  the  How  is  copi 
and  watery.  But  the  nature  of  the  differences  exhibkcd  by  thecho 
and  sympathetic  in  reference  to  the  uharacler  of  the  secretion  aod  the 
relations  of  the  two  will  be  discussed  later  on,  sec  p.  288. 

Bernard '  observed  that  after  section  of  all  the  nen-^es  going   t     ;' _ 
gland,  a  continuous  and  fairly  copious  secretion  of  a  watery  saliva 
set  in  and  continued  tor  some  time,     Heidcnhain'  observed   the 
thing,  the  continuous  flow  beginning  from  four  to  twenty-four  ': 
after  section  of  the  nerves,  soon  reaching  a  maximum,  and  after  ^ .... 
weeks  decreasing  again   as  regeneration  of  the   nerves  took  pla^e. 
During  this  *  paralytic  secretion/  as  it  is  called,  the  gland  diminishes  m 
size,  and  in  some  cases  where  the  nerves  are  not  restored  appears  to 
undergo  degeneration.  A  paralytic  secretion  also  appears  if  the  ehordi 
only  be  divided  ;  and  urari  poisoning  ^  produces  a  similar  flow.     The 
paralytic   secretion   is  watery  but  contains   both  mucin  and  sahvar>' 
corpuscles.     The  mechanism  of  its  production  is  obscure,  but  He<d 
ham  observed  a  simil.ir  continuuus  secretion  to  result  when  the  du 
of  the  gland  was  kept  l:gatured  for  twcnty-fuur  hour>and  then  opened. 
Heidenhain  also  observed  that  when  the  nerves  of  the  gland  on  one 
srle  were  cut,  a  paralytic  secretion  appeared  in  the  gland  of  the  olhcr 
sidle  also. 

The  natural  reflex  act  of  secretion  may  be  inhibited,  like  the 
reflex  action  of  the  vaso-motor  nerves,  at  its  cerebral  centre. 
Thus  when,  as  in  the  old  rice  ordeal,  fear  parches  the  mouth,  it  is 
probable  that  the  atferent  impulses  passing  from  the  noouth  cease, 
through  emotional  inhibition  of  their  reflex  centre,  to  give  rise  10 
efferent  impulses. 

The  liistory  of  the  submaxillary  gland  then  teaches  us  that 
secretion  in  this  instance  is  a  reflex  action,  the  efferent  impulses 
of  which  directly  affect  the  secreting  cells,  and  that  the  vascular 
phenomena  may  assist,  but  are  not  the  direct  cause  of,  the  flow. 
We  have  dwelt  long  on  this  gland  because  it  has  been  more  fnii 
fully  studied  than  any  other.  The  nervous  mechanisms  of  the 
other  secretions  may  be  passed  over  much  more  rapidly. 

Parotid.     The  secretion  of  this  gland,  like  thai  of  the  sub- 
maxillary, is  governed  by  two  sets  of  fibres  ;  one  of  cerebro-spinaL 
origin,    running  along  the  a itriculo- temporal  branch  of    the  hftl 
nerve  but  originating  either  in  the  glosso-phar)mgcal  or  the  facii 
and  the  other  of   sympathetic  origin  coming   from  the  cem< 
sympathetic.     Stimulation  of  the  cerebrospinal  fibres  produces 
copious  flow   of  watery  saliva,  free    from   mucus,  the   secretioi 

»  Robin's  ycmrn,  detAnat.  et  de  la  Fhyswiog^^  i.  (1864)  p.  511. 
■  Op.  Ht,  ^  JUcraard,  op,  cit. 
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reaching  in  the  dog  a  pressure  of  ii8  mm.  mercury;  stimulation 
ol  Ihe  cervical  sympathetic  gives  rise  in  the  rabbit  to  a  secteticm 
free  from  mucus  but  ricn  in  organic  matter  and  of  greater  amylo- 
l}iic  power  than  the  cerebro- spinal  seciction,  but  in  the  dog  little 
or  no  secretion  is  produced,  though  as  we  shall  see  later  on, 
certain  changes  are  brought  about  in  the  gland  itself.  In  both 
aujiuuts  the  cerebro-spinai  fibres  are  vaso-dilator  and  the  sympa* 
thetic  fibres  vaso- cons  trie  tor  in  action.  Siinuiktion  of  the  central 
end  of  the  glosso-pharyngeal  produces  by  retlex  action  a  secretion 
of  the  parotid,  but  that  of  the  lingual  in  said  to  be  without 
ctifcct*. 

in  the  dog,  the  secretory  fibres  of  cerebro- spinal  origin  arise  from 
the  glosso-pharyngeal  nerve,  pass  by  the  ramus  tympanicux  glosso^ 
phuryngei  to  the  tympanum^  and  then  join  the  mri'us  p€irosus  ^^uper- 
ficiatu  mi/tor^  by  which  they  reach  the  ramus  auncuio-UmpariUis  of 
the  tjith^.  In  the  rabbit  the  fibres  also  run  in  the  ramus  am icuio- 
Umporaltiy  but  it  docs  not  seem  clear  whether  they  spmig  from  the 
glosso  pharyngeal  as  in  the  dog,  or  from  the  facial. 

Eckhard  ••  faiicd,  in  the  parotid  of  the  sheep,  lo  get  any  effect,  what- 
ever nerve  be  stimuilitcd  ;  a  continuous  secretion  gomg  on,  and  being 
neither  increased  or  decreased  by  nerve  stimulation. 

Gastric  juice.  The  presence  of  food  in  the  stomach  causes 
a  copious  flow  of  gastric  juice.  The  quantity  secreted  in  man  in 
the  twenty-tour  hours  has  been  calculated  at  from  13  to  14  litres. 
When  the  gastnc  mucous  membrane  is  stimulated  mechanically, 
as  with  a  feather,  secretion  is  excited  ;  but  10  a  very  small  amount 
even  when  the  whole  inteiior  surface  of  the  stomach  is  thus 
repeatedly  stimulated.  The  most  efhcient  stimulus  is  the  natural 
stimulus,  viz.  lood  ;  but  dilute  alkalis  seem  to  have  unusually 
powerful  stimulating  effects  \  thus  the  swallowing  of  saliva  at  once 
provokes  a  flow  of  gastric  juice.  During  tasting  the  gastric  mem- 
»rai>e  is  of  a  pale  grey  colour;  during  digestion  it  becomes  red 
id  flushed,  and  to  a  certain  extent  tumid.  The  secrcdon  of 
tic  juice    ihcrelore   seems  to    be   accompanied    by   vasculai 

in  in  the  same  way  as  in  the  secretion  ol  saliva. 
Sceiiig  that,  unlike  the  case  of  the  salivary  secretion,  food  is 
ight  into  the  immediate  neighbourhood  of  the  secreting  cells, 
^t  IS  exceedingly  probable  that  a  great  deal  of  the  secretion  is 
Jie   result  of  the  working  of  a  local  mechanism;  and  when  a 

•  Iieidcnhain«  V^\i^tx*%  Arekiv,  xvii.  (1878)  p.  1. 
■  Nftwrocki.  iyr#i/aK.  Mttu$ei*t  «v.  (i^:^68)p.  125. 
>  NAMTocki,  </.  rt/.   Locb,  Ldtliard'fc  S'/utage,  y,  (l869)p.  t.    Uddenluun, 

*.  fit, 

*  Jiatr^g*',  VII.  (1S76)  p,  161. 
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mechanical  stimulus  is  applied  to  one  spot  of  the  gastric  membrai 
the  secretion  is  limited  to  the  neighbourhood  of  that  spot  and 
not   excited    in    distant   parts,     Nevertheless,  since  the   fiow  of 
gastric  juice  m.xy  be  excited  or  arrested  by  events  in  distant  paits 
as  by  emotions,  the  gastric  membrane  must  be  in  some  way 
other  brought  into  relaiion  with  the  central  nen^ous  system  ;  ar»< 
probably  future  inquiries  will  disclose  a  mechanisni  as  complex 
as   that    of   the   submaxillary  gland.     At  present,  however,  \l 
matter  is  very  imperfectly  known. 

Heidenhain  *  has  succeeded  in  the  dog  in  isolating  (after  the  manner 
of  Thiry's  method  with  the  ii^testinc^  a  portion  of  ihe  fundus  fro 
rest  of  the  stomach.  He  finds  that  introduction  of  food  into  the  (1 
stomach  gives  rise  to  a  secfction  of  gastric  juice  m  the  isolated 
portion.  This  would  at  first  sijjbt  seem  to  indicate  a  nervous  action; 
but  the  secretion  in  the  isohited  fundus  is  insignificant  unless  the 
material  introduced  into  the  main  stomach  be  such  as  can  be  digested 
and  absorbed.  A  similar  connection  between  the  act  of  secretion  and 
the  absorption  of  digCited  material  is  indicated  by  the  rate  of  secre- 
tion of  pepsin  after  a  meal  Griitzner'  states  that  the  rate  of  secre- 
tion of  pepsin,  abundant  immediately  upon  food  being  taken,  fcdli 
during  the  rirst  a. id  second  hours  afterwards,  rises  again  up  to  a  second 
maximum  at  the  fourth  or  fifth  hours,  after  which  it  finally  but  gradu- 
ally sinlvS,  the  curve  in  fact  being  not  unlike  that  of  the  p.4ncfcatic 
secretiim.  (See  Fig.  42.)  And  Heidenbaia^  finds  this  to  be  true  also 
of  the  secretion  of  the  isolated  fundus  excited  by  the  introduction  of 
food  into  the  main  stomach.  Schiff*  has  for  many  years  maintained 
that  the  secretion  of  gastric  juice  is  dependent  on  the  gastric  cells 
becoming 'laden '  with  pepsinogenous  material  derived  from  the  ab- 
sorbed products  of  digestion  and  especially  from  absorbed  dextrin. 
But  the  amount  either  of  pepsin  or  pepsinogenous  material  in  the 
gastnc  membrane  docs  not,  according  to  Grtitzner,  run  parallel  to  the 
amount  of  pepsin  in  the  secretion. 

The  amount  of  acid  in  the  secretion  is  much  more  constant  than 
the  pepsin,  in  fact  varies  bat  shghtiy.  The  increase  of  acidity  in  the 
contents  of  a  meal  is  due  simply  to  the  fact  that  the  acid  accumidates 
as  the  gastric  juice  continues  to  be  secreted, 

Rutherford  ^  found  that  the  gastric  membrane,  flushed  during  diges- 
tit>n,  became  pale  when  the  vagi  were  cut.  Stimulation  of  the  central 
end  of  cither  vagus  caused  a  reddening  of  the  gastric  membrane,  but 
stimulation  of  the  peripheral  end  produced  no  constant  elTccL  From 
these  results  we  may  inter  lliat  afierent  impulses  pass  up  the  vagus  an 
by  inhibiting  in  the  medulla  the  vaso-molor  centre  governmg  th 
pastric  blood-vessels^  cause  a  dilation  of  the  latter.  The  efferent  im- 
(lulses  evidently  do  not  descend   by   the  vagus ;  probably  therefore 

•  Pfliiger's /Iri-^/T',  XIX.  (1S79)  p.  148. 

■  Unitrstuh,  u.  Biidurtgu,  At*iSckAd$ing  dts  Pepsin^  1875.  '  O^.  cit, 

•  Sec  also  Lefons  tur  la  PhystohgU  dt  ia  Digtsiion^  11.  1867. 
«  i*kU,  7mm.  £dtH.,  XXVI,  (1H70J. 
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fax  path  is  along  the  sympathetic.    Aflcr  division  of  both  vagi,  gastric 
ice  of  normal  acidity  and  peptic  power  continues  to  be  serrcted. 
he  iamc  occurs  after  division  of  both  splanchnic  nerves,  and  even 
ficr  extirpation  of  the  co^liac  ganglion. 

Bile.  When  the  acid  contents  of  the  stomach  are  poured 
over  the  orifice  of  the  biUary  duct,  a  gush  of  bile  takes  place. 
Indee<l»  stimulation  of  this  region  of  the  duodeniim  with  a  dilute 
acid  at  once  calls  forth  a  flow,  whereas  alkaline  fluids  so  applied 
have  liltle  or  no  effect.  This,  probably,  is  a  rtflcx  action  leading 
to  the  contraction  of  the  muscular  walls  of  the  gall-bladder  and 
ducts,  accompanied  by  a  relaxation  of  the  sphincter  of  the 
orifice  ;  it  refers  therefore  to  the  discharge  rather  than  to  the 
Secretion  of  bile. 

When  the  secretion  of  the  bile  is  studied  by  means  of  a  biliary 
fistula  (which,  however^  probably  induces  errors  by  the  total  with- 
drawal from  the  body  of  the  bile  which  should  naturally  flow  into 
I  the  intestine),  it  is  seen  to  rise  rapidly  after  meals,  reaching  its 
loaximum  in  from  four  to  ten  hours.  There  seems  to  be  an  im- 
pDediate,  sudden  rise  when  food  is  taken,  then  a  fall,  followed 
^bsequently  by  a  more  graduai  rise  up  to  the  maximum,  and 
||&din|^  in  a  final  fall.  It  is  exceedingly  probable  that  these 
^nations  are  due  to  the  action  of  the  nervous  system,  but  the 
•xact  nature  of  the  nervous  mechanism  is  unknown. 

Stimulation  of  the  spknchnics  causes  an  increase  in  the  flow 
from  a  biliary  fistula,  but  this  is  probably  due  to  contractjon  of  the 
bile-ducts. 

Rutherford  •  finds  that  the  injection  of  various  substances,  ipeca> 
cuanha,  podophyllin,  &c.,  into  the  duodenum  causes  an  incrcise  in  the 
actual  secretion,  but  the  manner  of  the  increase  is  not  yet  explained. 

'  Unlike  the  case  of  saliva,  the  pressure  under  which  the  bile  is 

iecreted  tiever  exceeds  that  of  the  blood,  and  is  in  general  very 
low.  When  a  water  manometer  is  connected  with  the  gall  bladder 
of  a  guinea-pig,  the  ductus  ckQUtiockus  being  ligatured,  the  fluid 
Jay  rise  in  the  manometer  to  about  200  mm.  (equivalent  to  about 
(6  mm.  mercury),  but  not  much  beyond.  If  water  be  poured  into 
"le  open  end  of  the  manometer  so  as  to  raise  the  pressure  much 
>ve  200  mm.,  resorption  into  the  circulation  takes  place,  and 
te  fluid  in  the  manometer  sinks  to,  or  even  below,  the  normal 
rvcl*.  The  quantity  secreted  in  man  in  the  24  hours  has  been 
itimated  roughly  at  about  10  kilos^  but  the  caiciJations  are  based 
very  imperfect  data. 


*  Tmirn.  Anai.  Fhfi.^  X.  XI.  (1876,  77);  Brit.  Mid.  7.,  1878,  1879. 

•  FricclktMlcr  u,  Barisch  (HctdciUuuji),  Du  IkiU^Keymond's  Arihtv^ 
p.  646. 
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Pancreatic  juice.    The  relation  of  the  nervous  system 

the  secretion  of  the  pancreatic  juice  has  been  studied  rather  more 
fully.  N.  U.  B;;rnstein'  finds  that  m  the  dog  the  secretion,  after 
food  has  been  taken,  follows  the  curve  given  in  Fig.  42.  There  is 
a  suilden  maximum  rise  immediately  after  food  has  been  taken. 
This  must  be  due  to  nervous  action.  Then  follows  a  fall,  after 
which  til  ere  is,  as  in  bile,  a  secondary  rise,  the  causation  of  wbieh 
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Fio.  4«, — Diagram  illu>^trating  the  infiuskck  of  Food  on  tub  SMCKsnoir  or 
PancHEaTIC  Jinc*.      (N.  O.  Bernstein.) 

The  9ib«ci«sz  represent  hourt  ofier  taking  food  :  the  ordinaiei  represent  in  r.c.  the  annouot 
of  Kcretion  in  lo  miti.     A  marked  rise  is  seen  At  B  immediate-ly  ftfier  food  »r^- 
tecoudary  rif*  between  the  4ih  and  5th  hours  afierHords.     Where  ihc  line  is  d' 
vation  wxi  inrerrvpted.     On  food  being  uajn  Riven  at  C,  aooilicr  riie  is  gecn.  It  [ 
by  a,  depr^«ion  and  a  »ecood«fy  rise  At  toe  4tA  hour.     A  very  siiailar  curve  urould  repretiefti 
Ibe  tecrcdon  of  bUe. 

may^  or  may  not,  be  nervous  in  nature.  The  quantity  secreted  in 
24  hours  by  man  has  been  calculated  at  300  cc.  Like  the  salivary 
glands,  the  pancreas  while  secreting  is  flushed,  through  dilaiiou 
of  its  blood-vessels. 

According  to  N.  O.  Bernstein*,  the  secretion  is  at  once  stopped  by 
nausea  or  vomiting.  Seciion  of  the  vagus  stops  the  secretion  for  a 
short  time ;  it  soon  however  recommences.     Stimulation  of  the  central 
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[yagus  causes  an  arrest  tasting  for  some  time  after  the  stimulus  has 

m  removed.     It  is  probable  therefore  that  the  arrest  of  secretion 

luring  vomJting  is  due  to  afferent  impulses  ascending  the  vagus  and 

'descending  by  some  other  channel.     If  all  the  ntrves  going  to  the 

p;in  rcas  around  the  pancreatic  artery  be  severed  as  completely  as 

possible,  a  coniinuous  paralytic  flow,  not  increased  but  rather  dimin- 

^ished    by  food,  and   very   slightly   if  at   all   hmdered   by  nausea  or 

limulation  cyi  vagus,  h  brought  on.     Heidenhain*  states  that  stimula* 

lion  of  the  medulla  oblongata  causes  an  mcreased  dow, 

Succus  entcricus.  With  regard  to  the  secretion  furnished 
by  the  intestine  itself  our  inforTOation  is  very  limited.  Tlnry  ' 
found  tliat  in  the  isolated  intestine  the  secretion  was  not  a  coi* 
stant  one,  but  needed  for  its  prodiiclion  some  stimulus  (mechanical 
kVr  other)  which  probably  acted  in  a  reflex  manner. 

Morcau*  found  that  after  section  of  the  nerves  gomg  to  a  piece  of 
lititcstmc  isolated  after  lhir>'s  method,  a  copious  flow  of  a  dilute  intes- 
.ImmI  juice  takes  place.  This  appears  to  be  coaiparable  to  the  paralytic 
[flow  of  saliva  and  pancreatic  Juice. 

Thus,  while  the  inthnncc  of  the  nervous  system  is  io  ihe  case 
cf  the  sulmiaxillary'  glanti  tolerably  clear,  m  the  case  of  the  other 
secretions  we  have  much  )et  10  learn,  and  must  rest  rather  on  the 
analogy  wiih  the  submaxillary  gland,  lh;in  on  any  known  facts. 
\Vc  cannot,  however,  go  for  wrong,  if  we  conclude  that  in  all 
cases  secretion  is  essentially  due  to  an  increase  in  the  activity  of 
the  epithelium  cells,  and  that  variations  in  the  biood-supply  have 
a  secondary  efifect  only. 

It  mubt  however  be  borne  in  mind  that  substances  brought  to  the 
secreting  cell  by  the  blood  may  possibly  act  as  chemical  stimuli  of  its 
protopl.ism,  just  as  certain  chemical  substances  may  stimulate  a 
muscular  librc  to  contraction  in  the  absence  of  all  nerves.  Thus  any 
substance,  such  as  a  iherapeulic  drug,  may  affect  any  given  secretion, 
fn  various  ways,  viz.  (i)  by  dilating  the  biood-vessels  and  increasing 
the  blood  supply,  (2)  by  acting  as  a  direct  chemical  stimulus  on  the 
protoplasm,  (3)  by  exciting  secretion  in  the  cell  through  reflex  action 
of  the  nervous  mechanism  belonging  to  the  cell,  (4)  by  acting  directly 
on  the  nervous  centre  of  that  mechanism.  We  shall  return  to  these 
questions  when  we  come  to  speak  of  the  secretion  of  urine. 

We  are  now  m  a  position  to  attack  the  second  problem. 
What  is  the  exact  nature  of  the  activity  which  is  thus  called 
lonh? 

Wc  learn    from  the    researches   of    Heidenbain*   that    each 

•  T'^       '     '    •    ,  X.  <iS75)p.  557. 

•  I  richt,   l^   p.    77. 

>  c :  w.,  iWi,  p,  209. 

•  Pflugcr's  Artkw,  X.  (1857)  p.  5S7- 
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secreting  cell  of  a  pancreas  of  an  animal  (dog)   which  has  beei 
fasting  for  30  hours  or  more  consists  of  two  zones  :  an  inner  zon?J 
next  to  the  lunjen  of  the  alveolus,   which   is  slacldcil   with 
granules,   and   a   smaller  outer  zone,   which  is   homogeneous 
marked  with  delicate  striae.     Canmne  .■^tains  the  outer  zone  easilr^^ 
the  inner  zone  with  difhcuky.     The  nucleus,  more  or  less  inegnl 
in  shape,  is  piKiced   partly  in   the  one  and   partly  in    the  othefJ 
zone.     When  however  the  pantreas  of  an  animal  in  full  digcstioof 
(about  six  hours  after  food  and   onwards)  is  examined,  the  oui 
homogeneous  zone  is  found  to  be  much  wider,  the  granular  mm 
zone  being  correspondingly  narrower,  and  in  some  cases  acttiallf  j 
disappearing.     The  whole  cell  is  smaller,  and  owing  to  the  rela- 
tively larger  size  of  the  outer  zone,  stains  well.     The  nucleus  js  I 
spherical  and  weli  formed.     If  the  pancreas  be  examined  at  tlioj 
end  of  digestion,  when  its  artivit>'  has  once  more  ceascd»  and  il 
has  entered  into  a  state  of  rest,  the  outer  zone  is  again  found  tc 
be  narrow,  the  granular  inner  zone  occupying  the  greater  part  oi 
the  cell,  which  in  consequence  stains  with  difficulty  ;    and  the 
whole  cell  has  once  more  become  brger.     There  seems  to  be  but 
one  interpretation  of  these  facts.     During  the  time  that  the  pan- 
creas is  secreting  most  rnpidly,  there  is  a  diminution  of  the  inner 
zone ;  that  is  to  say,  the  inner  zone  furni  hes  material  for  the  secre- 
tion.    But  while  the  inner  zone  is  diminishing,  the  outer  zone  'w\ 
increasing,  that  is  to  say^  the  outer  zone  is  being  built  up  again  ou!j 
of  materials  brought  to  it  from  the  blood,  though  not  to  such  anj 
extent  as  to  prevent  the  whole  cell  from  becoming  smaller*    Wbci 
digestion  is  ended,  after  the  pancreas  has  ceased  to  secrete,  ih< 
inner  zone  again  enlaiges,  evidently  at  the  expense  of  the  ouierj 
zone,  though  the  latter  also  continues  to  increase,  causing  the  whole} 
cell  to  become  bigger.   From  thence  till  the  next  meal,  there  occui 
a  partial  consumption  of  the  inner  zone,  so  that  the  outer  tonet 
becomes  more  conspicuous  again,  though  the  whole  cell  becomes^ 
s'nal'er.     Evidently  out  of  the  proto|jlasm  of  the  cell,   which  is 
Itself  formed  at  the  expense  of  the  bluod,  tiie  granules  are  formed, 
and  these  being  deposited   towards  the   lumen  of  the  alveoli 
distinguish  the  outer  homogeneous  from  the  inner  granular  zon« 
and  the  secretion  is  ]>roduced  at  the  expense  of  the  granules. 

Kiihnc  and  Sheridan  J^ea*,  observing,  under  the  microscoi 
the  pancreas  of  the  living  rabl>it,  have  been  able  to  watch  i) 
actual  process  of  secretion  ;  and  their  results,  while  they  cxtcn< 
in  the  main  corroborate  those  of  Heidenhain.     In  the  quiesccn 
pancreas  of  the  rabbit,  Fig.  43  A,  tlie  cells  are  for  the  most  pi 
hUcd  with  granules,  tlie  transparent  outer  zone  being  reduced  U 
•   Vcrhnndi.  Naturhht.  Mtd,  Verdm,  HeidclLerg,  lid.  I.  (1S77}  Hft.  5. 
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small  dimensioDs ;  the  outlines  of  the  individual  cells  are  very 
indistinct,  with  the  margins  of  the  alveoH  saioiith  ;  the  lumen  of  the 
alveolus  is  obscure;  and  the  blood-supply  is  scanty.  Upon  secre- 
tion beuig  set  up,  Fig.  43  B,  the  margins  of  the  active  alveoli 
become  indented  through  a  bulging  of  their  constituent  cells,  the 
outlines  of  which  now  become  distinct ;  the  granules  retreat 
towards  the  inner  zone,  bordering  on  the  cavity  of  the  alveolus, 
and  as  secretion  goes  on,  evidently  diminish  in  number,  the  whole 
cell  becoming  hyaline  and  transparent  from  the  outer  border 
inwards  ;  at  the  same  time  the  blood-vessels  dilate  largely,  and  the 
stream  of  blood  through  the  capillaries  becomes  full  and  rapid. 

We  have  already  seen,    p.   268,  that  in  order  to  obtain  an 
actively  proteolytic  aqueous  pancreatic  extract,  the  aniniaJ  must 


^™Flc»  o*    A  Ponrtott  or  riit  Panchkas  or  twe  Rabbit  (K0iims  an»  Smuidam  L«a) 
A  ai  re«t,  B  ina  Hxte  of  aciivity. 

m  tbe  inorr  gnimiUr  tone,  vrhlrh  ih  A  n  Ivrgcr,  KoA  fpofc  cJuiely  uiKlde4  witH  dam 
grmmtiltA.  thtut  ia  B,  in  iwbch  ttie  xr»oukk  vc  fe«r«r  Mod  coaner. 

S  tbe  outer  traiufiar«iic  toot,  n^al)  m  A,  larg er  in  £,  And  in  the  Utter  marked  with  UiM 


<  the  1um«ii.  wry  «^bviou«  in  B.  bii(  iiMjitUnct  in  A. 

J  *a  tfidcntaliot]  al  ihe  juiuriion  of  iwo  celb.  w«h  in  B,  but  ttot  OCCUfrinf  m  if< 

led    during  full   digesitoii.     This    statement   now  requires 
liftcation. 

1*  the  i>ancreas  of  an  animal^  even  in  full  digestion,  be  treatedf 
fhile  stiil  warmfrttm  the  body^  with  glycerine,  the  glycerine  extract 
}a  inert  or  nearly  so  as  regards  proteid  bodies.  If,  however,  the 
same  pancreas  be  kept  for  24  hours  before  treating  with  glycerine, 
the  glycerine  extract  readily  digests  fibrin  and  other  proteids  in  the 
ICC  of  an  alkali.  If  the  pancreas,  while  still  warm,  be  rubbed 
in  a  tnortar  for  a  few  minutes  with  dilute  acetic  acid,  and  then 
reatcd  with  glycerine,  the  glycerine  exiraci  is  strongly  proteolytic 
U  the  glycerine  extract  obtained  without  acid  from  the 
|>ancrca3»  and  therefore  inert,  be  diluted  largely  with  water,  «] 
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kept  at  35°  C.  for  some  time,  it  becomes  active.     If  treated  with 
acidulated  instead  of  distilled  water,  its  acti\ity,  as  judged  of  hv 
its  action  on  fibrin  in  the  presence  of  sodium  carbonate,  is  r 
sooner  developed.     If  the  inert  glycerine  extract  of  warm  paiic.^*.^ 
be  precipitated  with  alcohol  in  excess,  the  precipitate,  inert  as  a 
proteolytic  ferment  when  fresh,  becomes  active  when  exposed  for 
some  time  in  an  aqueous  solution,  rapidly  so  when  treated  with 
acidulated  water.     These  facts  shew  that  a  pancreas  taken  fresl) 
from  the  body,  even  during  full  digestion,  contains  but  littt^  rijdv- 
madt  ferment^  though  there  is  present  in  it  a  body  w^hich,  by  s 
kind  of  decomposition,  ^'zvi  birth  to  the  Jerimnt,     They  fu) 
shew  that  thoug'i  the  presence  of  an  alkali  is  essential  to  pro:co 
lytic  action  of  the  actual  ferment^  the  formation  of  the  fenncnt 
out  of  the  body  in  question  is  favoured  by  the  presence  of  an 
acid.     To  tliis  body,  this  mother  of  the  ferment,  Heidcnhain  has 
given  the  name  of  zymogen^.     It  has  not  al  present  been  satis- 
factorily isolated. 

Hence,  in  judging  of  the  functional  activity  of  the  pancreas 
under  various  circumstances,  we  must  look  to  not  the  ready-made 
ferment,  but  the  ferment-giving  zymogen.  And  Heidenhain  has 
made  the  important  observation  that  the  amount  of  zymogen  in  a 
pancreas  at  any  given  time  rises  and  sinks  pari  passu  with  the 
granular  inner  zone.  The  wider  the  inner  zone  the  larger  the 
amount,  the  narrower  the  zone  the  smaller  the  amount  of  zymo- 
gen ;  and  in  the  cases  of  so  called  paralytic  secretions  from  old- 
established  listulce,  where  the  juice  is  wholly  inert  over  proteids, 
the  inner  granular  zone  is  absent  from  the  cells.  Evidently  so  ftir 
from  the  proteolytic  ferment  being  simply  drained  off  from  the  blood, 
in  the  first  place  the  actual  ferment  is  formed  in  the  pancreas  out 
of  the  zymogen,  and  m  the  second  place  the  zymogen  of  the  inner 
granular  zone  is  formed  in  the  cell  itself  out  of  the  homogeneous 
outer  zone.  We  have  in  fact  two  distinct  processes  to  deal  with: 
(i)  the  manufacture  of  zymogen;  this  is  part  of  the  growth  or 
nutrition  ot  the  cell,  and  is  slow  and  continued ;  (2)  the  splitting 
up  or  conversion  of  the  zymogen  into  the  proteolytic  fennent;  this 
is  tlie  real  act  of  secreting,  and  is  intermittent  and  rapid ;  this  is 
the  form  of  activity  which  can  be  called  forth  by  nervous  im- 
pulses, the  form  of  activity  which  is  comparable  to  a  muscular 
contraction. 

The  thought  at  once  suggests  itself  that  the  appearance  of  an  acid 
in  the  protoplasm  of  the  cell  under  circumstances  similar  lo  those 

•  Or  zymogen  may  be  reserved  as  a  generic  name  for  'mother  of  ferment '; 
in  that  ca.se  the  particular  mother  of  the  pancreatic  proteolytic  ferji)«ni  might 
be  called  trypiino^n. 
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which  give  rise  to  the  acid  formed  during:  muscular  contraction,  might 
be  ihe  immediate  cause  of  the  zymo^jen  becoming  converted  into 
fermcnL 

In  the  case,  then,  of  the  proteolytic  ferment  of  the  pancreas 
we  have  striking  proof  that  the  process  of  secretion,  both  in  its 
preparatory  and  executive  stages^  is  a  laborious,  active,  manu- 
facturing function  of  the  cell,  and  not  simply  a  passive,  selective, 
tiUtring  function.  How  far  this  is  abo  true  of  the  other  fcments 
of  the  pancreas,  and  of  the  active  constiiuents  of  the  other  diges- 
tive juices,  cannot  at  present  be  authoritatively  aftirmed*  but  we 
have,  both  in  the  case  of  the  stomach  and  of  the  salivary  glands, 
facts  poinlin;  very  distinctly  in  that  direction. 

In  the  i:;tstric  glands  of  an  animal  previous  to  taking  a  meal, 
ihe  central  (as  distinguished  from  the  ovoid  or  *  peptic')  cells 
are  pale,  and  finely  granular,  and  in  sections  taken  from  glands 
hardened  in  alcohol,  do  not  stain  readily  with  carmine  and  other 
dyes.  During  the  early  stages  of  gastric  digestion,  the  same  cells 
are  found  somewhat  swollen,  but  turbid  and  more  coarsely  granu 
lar ;  they  stain  much  more  readily.  At  a  later  stage  they  become 
smaller  and  shrunken,  but  are  even  more  turbid  and  granular  than 
;fore,  and  stain  even  still  more  deeply.  This  is  true,  not  only  of 
ic  central  cells  uf  the  so-called  peptic  glands,  but  also  of  the  cells 
"of  which  the  so-called  mucous  glands  of  the  pyloric  end  of  the 
stomach  are  built  up.  (The  ovoid  or  peptic  cells  themselves 
dunng  digestion  appear  swolfen,  and  project  more  on  the  outside 
oi  the  gland,  but  otherwise  appear  unchanged.)  Evidently,  during 
'igestion,  the  central  cells  become  changed  in  nature  so  as  to  be 
lore  readily  stained  with  carmine  and  at  the  same  time  loaded 
ith  a  more  coarsely  granular  material '. 

In  the  glands  of  the  pylcnis  there  is  seen  in  the  lumen  also  of  the 

land,  a  granular  materal,  which,  since  it  makes  its  appearance  after 

le  mechanical  stimulation  of  the  membrane  of  an  empty  5toma:*h» 

inot*  when  it  occurs  during  digestion,  he  regarded  as  simply  digested 

about   to  be  absorbed.      The  granular  character  of  the  cells 

themselves  therefore  must  also  come  from  within,  and  cannot  be  due 

material  absorbed  from  the  cavity  of  the  stomach. 

It  will  be  observed  that  the  phenomena  of  the  gastric  cells  are 

lewhat  different  from  those  of  the  pancreatic  cclU,     In  the  case  of 

pancreatic  cell  11  is  the  part  of  the  cell  which  contains  the  granules 

lich  does  not  stain  readily  ;  and  the  granules  make  their  appearaDce 

iring  rest,  and  disappear  upon  stimulation.     In  the  case  of  gastric 

•DfraJ  cells,  it  is  when  the  cell  becomes  loaded  with  granules  that  it 

'stains  most  deeply,  and  it  becomes  loaded  with  granules  not  durmg 

Hcidcnhain,  Archiv  /.  mkr.  Anat^  vi.  (i870>  p.  368.  R-  lleit,  l/nt^r' 
tmtA.  If.  ^  /mi./.  Physiol,  u,  Hut,  in  Cwnt,  Hft  It  (1871)  p.  r45. 
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rest  but  during  stimulation,  or  at  least  when  the  stomach  is   ' 
The  observations  of  Kiihrie  and   Lea  shew  that  in  the  par 
granules  are  actually  used  up  to  form  the  secretion.     If  in  ttu-  ;.:  -:n 
cell  the  granules  are  really  elements  of  the  secretion,  they  must  dunj 
active  digestion  be  formed  more  rapidly  than  they  are  used  up,  aut 
must  cease  to  be  formed  as  the  work  of  digestion  languishes. 

There  has  been  a  ^reat  dispute  as  to  whether  the  pyloric  pn«1  ./  riw 
stomach,  that  containing  the  so-called  mucous  glands  only,  1; 
powers.      But    the    researches    of    Heidenhain*    have    dec 
Question   in   the   affirmative      This  observer  succeeded   ia   isoiaiiag 
ihe  pylorus  from  the  rest  of  the  stomach  after  the  manner  of  Thiry's 
operation  on  the  small  intestine,  and  obtained  from  the  isolated  fmrtioo 
a  small  quantity  of  viscid  alkaline  secretion,  which  when  treated  with 
dilute  hydrochloric  acid  rapidly  digested  tibrin.     The  secretion  also, 
without  the  addition  of  acid,  rapidly  curdled   milk,  but   shewed   no 
amytolytic  action.     A  reconciliatiun  of  some  of  the  previous  contra^ 
dictorj'  statements  may  perhaps  be  found  in  the  fact  ,  that  while  thf^ 
glycerine  extract  of  tlie  fresh  pylorus,  even  in  the  presence  of 
hydrochloric  acid,  is  inert,  care  bemg  taken  to  avoid  admixture  wil 
the  secretion  of  the  cardiac  end,  an  acid  infusion  of  the  siime  pa 
rapidly  becomes  peptic.     This  would  seem  to  indicate  that  the  pylonc" 
glands  are  free  from  actual  pepsin  but  contain  a  pepsinogen,  coi 
parable  to  pancreatic  zymogen,  which  by  the  action  of  an  acid  is  spU 
up  into  pepsin.    Apparently  however,  pepsinogen  differs  from  zymogti 
in  being  insoluble  in  glycerine,  while  the  hitter  is,  as  we  have  sect 
freely  soluble  in  that  fluid.    This  point  requires  to  be  more  full 
worked  out. 

We  may  therefore  with  good  reason  suppose  that  pepsin  t§ 
formed  by  the  direct  activity  of  the  gastric  cells  ;  and  in  that  case 
the  pepsin  which  is  present  in  bloods,  in  muscle,  and  in  urine*, 
is  not  the  source  of  the  pepsin  in  the  gastric  juice,  but  is  already- 
used  pepsm  reabsorbed  from  the  stomach  and  intestine,  at^d  on  lis 
way  to  be  discharged  from  the  body.  • 

The  formation  of  the  free  acid  of  the  gastric  juice  is  very 
obscure.  It  seems  natural  to  suppose  that  it  arises  m  some  way 
from  the  decomposition  of  sodium  chloride;  but  nothing  derinite 
can  at  present  be  stated  as  to  the  mechanism  of  that  decomposi- 
tion ;  and  even  admitting  that  sodium  chloride  is  the  ultimate 
source  of  the  chlorine  element  of  the  acid,  it  appears  more  likdy 
that   that  element  should  be  set  free  in   the  stomach   by   the 

•  PflUgcr's  Arc-Aiv,  XVin.  (1878)  p.  169;  also  Kienien&iewict,  ff^i>«. 
Sitmtffrj  jjericht,,  lid,  71,  March,  1875. 

*  Eb&tein  and  Griitxner,  l-fliigei's  Arckiv,  viil,  (1S74]  p.  112,  Grutmo^ 
Untersttch,  u.  Bitit  w.  Ausschtid.  d,  Fepsm^  1 875. 

*  The  presence  of  pepsin  in  blood  is  one  reason  why  boUed  fibrin  should  be 
used  in  peptic  experiments  rather  than  raw.  The  boiling  destrx:rys  the  pepsin 
^Hinging  to  ihe  fibrin. 

•  Briicke,  Moleschott*s  Uniersuch,^  VL  474, 
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decomposition  of  some  highly  complex  and  unstable  chlorine  com- 
pound previously  generated,  than  that  it  should  arise  by  the  direct 
splitting  up  of  so  stable  a  body  as  sodium  chloride,  at  the  lime 
when  the  acid  is  secreted'.  One  thing  however  seems  certain, 
that  the  acid  is  formed  only  at  the  surface  of  the  gastric 
membrane. 

If  the  reaction  of  the  mucous  membrane  of  the  stomach  be  tested 
at  diffcrcni  depths  from  th<f  surface,  as  in  the  long  tubular  g];inds  of  a 
bird,  tt  will  be  seen  that  the  acidity  is  confined  to  the  upper  portion, 
indeed  to  the  mouths  of  the  glands.  So  also  when  potassium  fcrrocy- 
anicl.'  .kiiii  an  iron  salt  arc  injected  into  the  veins,  a  blue  colour  is 
d  only  on  the  surface  of  the  mucous  membrane,  and  not  m 

il  i    of  the  gland,  shewing  that  an  aciJiiy  sufficient  to  allow  of 

the  development  of  the  blue  is  present  only  at  the  surface. 

Hcidenham  has  made  the  sug^stion  not  only  that  the  central  cells 
manufacture  pepsin  (or  pepsinogen),  (and  of  this  after  the  proved 
peptic  powers  of  the  pylorus  there  can  be  hardly  any  doubt),  but  also 
that  the  large  ovoid  (peptic)  cells  manufacture  the  acid  of  the  gastric 
juice.  Since  the  ovoid  cells  lie  chiefly  in  middle  portions  of  the  gland, 
the  superficial  development  of  the  acid  requires,  on  this  view,  some 
special  explanation.  In  favour  of  such  a  function  of  the  *  ovoid  *  cells 
has  been  adduccti  the  curious  circumstance  that  in  the  frog  pepsin  is 
largely  present  in  the  lower  part  uf  the  tesophagus.  where  cells  alto- 
gether like  the  *  central '  cells  of  the  gastric  glands  arc  abundant, 
whereas  the  stomach  itself,  which  is  richly  supplied  with  *  ovoid' or 
jjepiic  cells,  appears  to  secrete  an  acid  fluidj  which  when  the  oesopha- 
gus is  ligatured  is  extremely  poor  in  pepsin*. 

In  the  case  of  the  salivar)'  glands  the  phenomena  to  a  certain 
extent  differ  according  as  the  gland   is  a  *  mucous  *  gland,  i.c,  one 
miatning  a  larger  or  stoaller  number  of  mucus-producmg  cells, 
id  secreting  a  more  or  less  viscid  mucous  saliva,  or  a  *  serous' 
land,  /r.    one  containing    no   such  mucus-producing  cells,  and 
^crcting   a  thin   limpid   saliva   free   from  mucus.     The  submax- 
lary  gland  of  the  dog  maybe  taken  as  the  type  of  mucous  glands, 
a  section  is  prepared  of  this  gland  when  at  rest,  i.£.  when  it  has 
>t  for  some  time  been  actively  secreting,  the  cells  of  the  alveoli 
ig.  44)  are  found  not  to  stam  readily  with  carmine ;  and  this 
ick  of  staining  appears  to  be  due  to  the  fact  that  the  greater  part 
the  protoplasm  of  the  cells  has  become  converted  into  a  mucin- 
paring  substance,  only  a  small  portion  of  unchanged  protoplasm, 
\%\\f  staining  with  carmine,  remaining  round   the  nucleus.     In 
idition  to  these  *  muciparous  cells  *  are  seen  a  number  of  smaller 

*  Cf.  M»ly,  IJcbi^'s  Amnafen,  Bd  1 73  (1874),  p.  2*7. 

•  Swieoeki,  Pflug^^r's  Ar*Miv,  Xlll.  ( 1876)  p.  444.    Pajt'ch,  AreMv  f.  mt£*iu» 
r,  XIV.  (1877)  179. 
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half  moo II- shaped  (demilune)  cells,  the  protoplasm  of  whicli  stains 
deeply  with  carmine.  These  half-mnoii  cells,  which  lie  ouffiidethe 
mocip.irous  cells,  between  thirra  and  the  basement  membrane,  arc 
apparently  young  cells,  frequently  possess  two  or  more  nucid, 
and  in  general  seem  to  be  in  a  state  of  active  growth  and 
multiplication. 

When  similar  sections  are  prepared  from  a  gland  which  ha? 
been  thrown  into  long-continued  activity  by  stimulation  of  the 
chorda',  the  muciparous  portion  of  the  alveolar  cells,  that  poitioo 


^?^^^*;^^^^y. 


Fin.  44.  SecriON  of  a  '  Mucoirs*  Gland,  -4  in  a  »taie  of  rest,  B  *(ttr  it  hiU  bc«c  bt 
■oiDe  time  actircly  sccretizig.    (After  LavdowsUy.) 

I*  demilune  cellv.  c  leucocytes  lying  in  ihe  inter-ftlveolar  spaces.  TIm  darker  thadicg 
to  botb  figures  u  intended  to  indicate  (he  unoum  of  staiainc. 


which  does  not  stain  rapidly,  is  found  to  have  diminished,  and  the 
protoplasmic  staining  portion  to  have  increased  in  quantity  in  pro- 
portion to  the  amount  of  stimulation  (Fig.  44  B).  In  some  cases 
no  muciparous  cells  can  anywhere  be  seen  ;  all  the  cells  are  small, 
all  are  alike  composed  of  protoplasm,  and  all  stain  tleeply.  It  has 
been  disi)utcd  wheilier  a  muciparous  cell  simply  discharges  its 
mucin,  the  removal  of  the  mucin' being  followed  by  a  growth  of 
the  protoplaiim  round  the  nucleus,  to  be  in  turn  followed  by  a  new 
development  of  mucin,  the  same  cell  thus  forming  and  discharging 
mucin  again  and  again  ;  or  whether  the  whole  cell  goes  to  pieces 
at  the  time  it  discharges  the  mucus,  its  place  being  taken  by  one 
of  the  half-moon  cells,  which  grows  up  rapidly  for  that  purpose. 
In  all  probability  both  events  occur,  at  least  after  prolonged  stimu* 
Ution,  the  simple  discharge  of  mucus  and  regeneration  of  the  cell 

■  Cf.  Lavdowtky,  Ankh  f,  mkros.  Anar.,  Xlil.  {1877)  p.  aSl. 


CHAP.  L] 


DIGESTION. 


287 


ing  analogous  to  what  takes  place  in  the  pancreas^  while  the 
"•ubsiituiion  of  the  young  half-moon  cell^  in  place  of  the  old 
disintegraie<i  mucipaious  cell,  is  something  special  to  the  sub* 

Lxillary  gland. 
I  n  the  case  of  a  *  serous  '  gland  such  as  the  submaxillary  of  the 
rabbit,  no  ver>'  marked  differtnces  in  microscopic  a[)[)earance  can 
be  recognised  even  after  long  continued  stimulation  of  the  chorda 
tym|tani,  and  a  similar  absence  of  structural  changes  seems  to 
be  characteristic  of  the  parotid  of  the  rabbit,  also  a  serous  gland, 
even  when  a  most  copious  secretion  ha-s  been  called  forth  by 
stimulation  of  the  auriculo-temporal.  When  however  the  cervical 
sympathetic  is  stimulated,  either  in  the  rabbit  or  the  dog,  very 
marked  changes  occur  in  the  parotid,  although  in  the  dog  no  saliva 
whatever  may  be  secreted  ;  and  thtfse  changes  are  quite  similar  to 
those  witnessed  in  the  central  cells  of  the  gastric  glands.  During 
rest  the  cells  of  the  p.irotid  as  seen  in  sections  of  the  gland 
hardened  in  alcohol  (Fig,  45  A\  are  pale,  transparent,  with  sparse 
grantiles,  staining  with  difficulty,  and  the  nuclei  possess  irregubr 


/«t^^  ,• 


,^J 


Fie.  4S>    Sbctiok  or  a  *  Skrous  *  Glakd:  tm«  Parotid  or  tua  Rabbit.    J  ^mt 
■ft«r  ntfanuluioa  of  ibe  c^vical  fymtaihehc,    (After  Hdd^nbiin,) 

itlines  as  if  shrunken.  After  stimuladon  of  the  sympathetic,  the 
rotoplasm  of  the  cells  becomes  turbid,  and  laden  with  granules 
"^ig.  45  i>'),  and  stains  much  more  readily,  and  the  nuclei  losing 
icir  irregular  outline  grow  round  and  larger,  with  conspicuous 
jliclcoli,  the  whole  cell  at  the  same  time,  at  least  after  prolonged 
Emulation,  becoming  distinctly  smaller.* 

Putting  all  the  above  facts  together  it  is  clear  that  in  the  case 
the  salivary  glands,  gastric  glands,  and  pancreas,  and  presumably 
Jbe  case  of  all  secreting  glands,  the  secretion  is  the  result  of 
tivity  of  the  protoplasm  of  the  secreting  cell.  Where  mucin 
'ft  an  important  element  of  the  secredon  the  microscopic  changes 
arc  very  conspicuous.     During  rest  the  protoplasm  of  the  cell 

•  Heidenhain,  Pfiii«£«r's  Arrkiv,  XVII.  (187S)  p.  I. 
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becomes  converted  into  a  mucigetious  substance  ;  when  the  gl 
is  excited  to  activity  the  mucigenous  substance  gives  rise  to  mttd% 
which  is  ejected  from  the  cclL  The  cell  is  either  thus  broken  upj 
entirely  or  reduced  in  dimensions;  but  coincidently  a  rejuv 
nescence  of  the  protoplasm  either  of  the  remnant  of  thecelJ  itse 
or  of  the  adjoining  demilune  takes  place,  and  the  old  cell  is  rhi 
replaced  by  a  new  cell  of  smaller  size  but  composed  of  fre^h' 
deeply-staining  protoplasm,  which  at  first  is  native  undifferentiated 
protoplasm^  but  which  subsequently  generates  out  of  itself  fresh' 
mucigenous  material.  Where  the  secretion  does  not  contain  mucus 
the  changes  are  less  gross  and  not  so  readily  recognisable^  but  we 
have  a  descending  series  from  the  mucous  salivary  gland,  through 
the  pancreas  and  gastric  gland  and  serous  gland  stimulated  by  thi 
sympathetic  to  ihe  serous  gland  siimulaied  by  a  cerebro-sptnal 
nerve,  in  each  of  which  more  or  less  distinctly  an  explosive  deco 
position,  leading  to  a  discharge  ol  the  secreted  material,  is  accom- 
panied by  an  increased  growth  of  protoplasm  whereby  the  suj>ply 
of  a  further  secretion  is  provided  for.  In  the  last  case,  the  serous 
gland  stimulated  by  means  of  a  cerebro-spinal  nerve,  the  destruc- 
tive and  constructive  metabolic  processes  appear  to  be  so  exactly 
adjusted  that  no  obvious  change  in  the  appearance  of  the  cells 
results.  It  must  be  left  for  future  inquiry  to  determine  the  nature 
of  the  various  granules,  which  make  their  appearance  in  the 
various  cases,  and  their  relation  to  the  ferments  or  other  con- 
stituents of  the  secretions. 

We  are  now  in  a  better  position  to  discuss  ihe  exact  nature  of 
changes  effected  in  the  salivary  gland  by  stimulation  of  the  chordjfc 
tympani  (or  aunculo-temporal)  and  sympathetic  nerves  respectively. 

Czermak '  was  the  first  to  point  out  that  in  the  dog  the  effect 
chorda  stimulation  was  hindered  by  a  concomitaiit  stimulation  of  t 
sympathetic  ;  and  Kiihne*  observed  that  no  flow  at  all  took  place  when 
both  nerves  were  simuhaneously  stimulated  with  minimum  currents, 
i.c,  with  currents  which  applied  to  either  nerve  separately  were  just 
sufficient  to  produce  an  obvious  Bow ;  each  nerve  in  fact  seemed  to  be 
the  antagonist  of  the  other. 

But  Langleyi  finds  that  in  the  cat  (in  which  animal,  contrary  lO 
what  occurs  in  the  dog,  the  sympathetic  saliva  is  less  viscid  than  the 
chorda  saliva,  and  the  anion  of  the  sympathetic  is  like  the  chore* t 
paralysed  by  atropin),  minimal  stimuli  when  applied  simultaneously 
the  cliorda  and  sympathetic  nerves  arc  not  antagonisiii  as  regard 
secretion  ;  on  the  contrary^  the  amount  of  secretion  following  simul 
taneous  stimulation  of  the  two  nerves  is  at  least  equal  to  the  sum 
the  amounts  of  sepatate  stimulation, 

Ludwig  and  Becker*  observed,  in  the  submaxillary  gland  of  thi 

•   H^tn,  SUsun^i^erickie,  XXV.  (1857)  p.  3.  ■  L^krb.  p.  5  (1 866). 
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that  after  continued  stimulation  of  the  chorda  (t\€.  a  long  series  ol 
imulatioQS  repeated  with  very  brief  intervals)  the  percentage  of  solids 
the  saliva  very  considerably  diminished,  the  lessening  being  largely 
jnfmed  to  the  organic  matierj  and  the  inorganic  salts  being  only 
lightly  affected.  Heidenhain '  confirmed  this  result,  and  extended  tl  to 
ffhc  ^yinpathcti.:  as  well ;  he  found  in  fact  that  after  prolonged  stimu- 
lation the  aymp.iihciic  saliva  be.ame  watery.  He  also  observed  that 
prolonged  silniuiaiion  of  the  chorda  or  sympathetic  dimini^ihed  the 
urganic  ra  itler  in  the  saliva  produce!  by  a  stimulation  of  the  sympa^ 
ihcticur  chorda  immediately  following.  These  facts  shew  that  there 
in  tlic  salivary  ceil  a  store  of  material  upon  which  both  chorda  and 
'mpaihctic  can  alike  draw,  material  which  may  give  rise  to  the  organic 
itucnl*  of  either  chorda  or  sympathetic  saliva^  according  as  the 
\m  the  other  ner\'e  is  stim<ilate<i  ;  and  further  that  during  nerve- 
ulation  the  supply  of  this  material  docs  not  keep  pace  with  its 
consumption. 

These  results  Heidenhain'  has  confirmed  and  extended  by  addi- 
tional recent  observations.  Thus  he  Hnds  that  in  the  case  of  the  sub- 
maxillary and  parotid  of  the  dog,  the  rate  of  secretion  when  the 
ccrebru- spinal  nerve*  are  stimulated,  exhaustion  being  avoided,  in- 
creases up  to  a  maximum  with  intreasc  of  the  stimulation,  and  that  the 
percentage  of  saline  matters  in  the  saliva  increases  similarly  up  to  a 
certain  maximum,  whatever  may  have  been  the  condition  of  the  gland 
before  the  beginning  of  the  stmiulation  ;  but  th.it  ihe  percentage  of 
orxtinii'  mittter^  though  al>o  a  function  of  the  strength  of  the  stimulus, 
is  dc(>eniJcnt  on  the  condition  of  the  gland,  increasing  with  the  stimulus 
if  the  gland  had  been  picviously  at  rest,  but  not  so  increasing  if  the 
gland  had  been  previously  thrown  into  a  state  of  prolonged  activity ; 
moreover,  so  long  as  the  gland  has  not  become  completely  exhausted, 
strong  stimulation  may  be  followed  by  a  period  of  after-action,  during 
which  the  percentage  of  organic  matter  is  once  more  increased.  In 
other  words,  the  organic  constituents  of  the  secretion  are  derived  from 
ic  store  of  material  laid  up  in  the  cell,  which  store  is  comparatively 
in  exhausted  and  requires  time  and  nutritive  labour  for  its  restora- 
tion. The  saline  constituents,  on  the  othef  hand,  »eem  to  be  ejected 
from  the  gland  during  secretion  by  some  operation  of  a  more  simple 
>tf  presumably  a  more  physical  nature^  being  apparently  taken  up 
u  the  surrounding  lymph  and  merely  passed  through  the  cell,  so  that 
unlimited  quantity  may  be  got  rid  of  without  the  loss  being  felt  by 
and  cell.  He  moreover  has  ascertained  that  in  the  paroitd  of  the 
stimulation  of  the  sympathetic,  even  when  it  gives  rise  of  itself  to 
rrclinn,  has  a  remarkable  effect  on  the  constitution  of  the  secre* 
produced  by  simultaneous  or  sequent  stimulation  of  the  ccrcbro- 
sccrclory  fibres  :  the  percentage  of  organic  constituents  of  the 
iliva  secreted  under  the  influence  of  ^stimulation  of  the  cercbro-spinal 
rrvc  is  vei^  laij^ely  increased  by  a  previous  or  simultaneous  stinuila- 
«i  of  the  cervic.ii  sympathetic.  In  the  parotid  of  the  rabbit  (and 
times  in  the  parotid  of  the  dog)  stimulation  of  the  sympathetic 
produce  a    secretion  ;    and  since   the    saliva  thus   secreted  \\ 
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ittcflj 

aasH 


THEORY  OF  SECRETION. 


markedly  richer  in  organic  matter  than  that  secreted  under  stim 
tiun  of  the  cerebro-spinal  nerve,  the  larger  amount  of  organic  matt 
which  is  observed  in  the  saliva  secreted  under  simultaneous  stimul 
tion  of  both  nerves  as  comp:ircd  with  the  amount  in  that  secreted  un 
stimulation  of  t1»e  cerebro-spinal  nerve  alone,  might  be  explained  as 
the  result  uf  mere  admixture  with  sympathetic  secretion.  No  such  ex- 
planation can  be  given  of  the  change  which  sympathetic  stl  '  i 
produces  in  the  character  of  the  cercbro->pinai  secretion,  u 
generally  the  case  in  the  parutid  tif  the  dog,  it  is  unable  by  itsci.  ^u  ^^  »e 
rise  to  any  secretion.  And,  in  all  cases  the  microscopic  changes  in  the 
parotid  gland  mdiu'ed  by  syinpitlieti  j  atimulation  arc  very  pronounced,, 
while  those  resulting  from  cerebro-spinal  st  mulation  are  comparative! 
slight.  The  interpretation  which  Heidenhainputsonhis  results  Ut 
in  the  act  of  secretion  of  saliva  there  are  at  least  two  processes  :  one  bf 
which  the  stored-up  organic  material  of  the  cell  is  converted  into  the 
soluble  organic  constituents  of  the  secretion,  and  a  second  by  which  %| 
stream  of  saline-holding  fluid  passes  from  the  lymph  spaces  atound  ihi 
alveolus  through  the  cell  into  the  lumen  of  the  duct,  carrying  with  it  as] 
it  goes  the  organic  materml  furnished  by  the  first  process.  Bothlh 
processes  he  suggests,  are  governed  by  distinct  hbres,  which  he  calls 
respectively  trophic  fibres,  viz.  those  bringing  about  the  metabolism  of 
the  cell-substance^  and  secrt'titry  fibres^  i.e.  those  giving  rise  to  the  flow 
of  fluid  outwards  to  the  du  l-  The  ktter  may  be  regarded  as  dominant 
in  those  nerves,  such  as  the  chorda  tympani  of  the  dog,  stimulation  ol 
which  produces  a  copiour.  but  watery  solution  ;  the  former  in  those.? 
such  as  the  cervical  sympathetic  of  the  same  animal,  stimulatum 
which  produ;es  a  secretion  rich  in  organic  matter.  In  other  words, 
the  quantity  and  quality  of  the  secretion  produced  by  the  stimuJatioa 
of  any  nerve,  sympathetic  or  cerebro-spinal,  will  depend  on  the  relati 
amount  of  trophic  and  secretory  fibres  present  in  the  nerve.  This  vr 
of  Heidenhain's  is  very  acceptable  as  enabling  us  to  form  cica 
notions  of  the  complex  act  of  secretion,  but  it  obviously  leaves  much' 
yet  to  be  cleared  up.  The  metabolic  action  of  the  trophic  fibres  i 
fairly  comparable  to  the  explosive  decomposition  which  is  the  basis 
a  musculiir  Lontraction,  but  ilie  hypothesis  of  a  purely  secretory  activity^! 
of  the  starting  and  mainienarit  e  of  a  rapid  flow  through  the  cell  inde- 
pendent of  physiological  changes  in  the  substance  of  the  protoplasi 
and  yet  directly  dependent  on  the  action  of  nerves,  lands  us  m 
considerable  difti>ulties'. 

Relying  on  the  analogy  of  the  glands  just  studied,  we  may 
fairiy  assume  that  the  secretion  of  even  such  a  complex  fluid 
the  bile  is  in  the  main  the  result  of  the  direct  metabolic  activity  ol 
the  protoplasm  of  the  hepatic  cells.  And  this  view  is  supportet 
by  the  fact  that  after  extirj>alion  of  the  liver,  no  accumulation 
the  bihary  constituents  is  observed  to  take  place  dunng  the  fe 
hours  of  life  remaining  to  the  animal  after  the  operation*  Stii 
the  great   complexity  of  the  secretion  introduces  several   vet 
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important  considerations.  In  the  first  place,  the  livetj  unlike  the 
other  digestive  glands,  has  a  double  supply  of  blood  ;  and  v  in 
attempts  have  been  made  to  settle  by  direct  experiment  the 
question  whether  the  hepatic  artery  or  the  vena  portse  is  the  more 
closely  concerned  in  the  production  of  bile.  Ligature  of  the 
hepatic  artery  has  sometimes  had  no  effect  on  the  secretion, 
sometimes  has  interfered  with  it.  Sudden  ligature  of  the  vena 
portae  at  once  stops  the  flow  of  bile  ;  but  gradual  obliteration 
may  be  efl'ected  without  cither  causing  death  or  even  interfering 
with  the  secretion,  an  as  torn  otic  branches  forming  a  collateral 
circulation  and  thus  maintaining  an  efficient  flow  of  blood  through 
the  liver.  The  problem,  which  is  probably  a  barren  one,  cannot 
be  settled  in  this  way. 

In  the  second  place,  the  hepatic  cells  not  only  secrete  biJe, 
but  as  we  shall  see  later  on,  take  an  active  part  in  other  operations 
of  even  greater  importance.  The  consideration  of  the  question 
in  what  way  these  several  functions  of  the  hepatic  cells  are  related 
10  each  other  must  be  deferred  for  the  present. 

In  the  third  place,  even  if  we  maintain  that  the  chief  con- 
^'tuents  of  the  bile  are  manufacturcil  in  the  hepatic  cells,  and 
not  simply  drained  off  from  the  blood,  we  are  not  thereby  pre- 
cluded from  admitting  that  the  hepatic  cells  may  avail  them- 
selves of  certain  half-made  materials,  the  arrival  of  which  in  the 
blood  may  so  to  speak  Hghten  their  labours,  or  that  they  may 
even  boldly  seize  upon  and  pass  off  as  their  own  handiwork  any 
wholly  manufactured  constituents  which  may  offered  to  them. 
Thus  we  have  already  seen  reasons  for  thinking  that  the 
bile-pigments  are  not  made  de  novo  in  the  hepatic  cells,  but 
spring  from  haemoglobirj,  the  change  in  the  hver  being  simple 
transtomiation.  So  also  it  is  quite  possible,  though  not  proved, 
that  much  if  not  all  of  the  cholestv'rio  of  bile  is  merely  withdrawn 
by  the  hver  from  the  body  at  large.  And  even  with  the  central 
coii>potients  of  bile,  the  bile  salts,  we  know  that  in  the  case  of 
taurochloric  acid,  taurin  is  normally  present  in  certain  tissues,  and 
that  in  the  case  of  glycocholic  acid,  glycin,  if  not  a  normal  con- 
stilucct  of  any  tissue,  is  present  in  the  liver,  since  the  liver  can 
convert  benzoic  into  hippuric  acid,  as  we  shall  see  in  a  succeeding 
section  ;  so  that  the  formation  of  these  bodies  by  the  hepatic  cells 
may  be  limited  to  the  production  of  cholalic  acid  and  its  con- 
jugation with  one  or  other  of  the  above  amido-acids.  Moreover 
as  a  matter  of  fact,  we  find  that  the  flow  of  bile  from  a  biliary 
fibula  is  much  mcreased  by  the  injection  of  bile  into  the  small 
mtestine*.  This  experiment  renders  it  possible  that  some  of  the 
•  Schiff,  Pfluger's  ArrAw^  m.  (1870),  p.  39S. 
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bile   which    in   natural   digestion    is   px)ured    into    the    intesli 
is  reabsorbed,  and  carried  back    to  the   liver  to  do  dutj 
again. 

Possibly  however,  the  effect  maybe  explained  by  some  mofts  ini 

action  of  the  bile  in  ihc  intestine. 

In   medical   praLtice,  distinction  is  drawn  between  j-mndice 
suppression  of  the  secreting  functions  of  the  liver  and  jaimdjce 
retention,  brouj^ht  about  by  an  obstruction  ejcisiing  m  some  part  oft! 
b»liary  passages.     The  gravity  of  the  symptoms  in  the  first  cUss 
cases  she*s  that  an  arrest  or  a  too  great  diminution  of  the  nttrmJt^ 
functions  of  the  hepatic  cells  is  at  least  accompanied  by  the  prcsenc 
in  the  blood  of  substances  injurious  to  life  ;  but  Ijow  far  thf  t"-  -  - 
of  those  substances  is   due   to  a   failuie  of  the   manufactui 
and  the  accumulation  in  the  system  of  the  materials  for  the   i. 
of  bile,  or  to  a  failure  of  other  functions  of  the  hepatic  cells,  masi 
regarded  as  at  Present  undetennincd.       The  presence    of  the    bil< 
pigment  in  this  form  of  jaundice  would  seem  to  indicate  that  ihc  f"f 
mation  of  the  pigment,  i.e.  the   transformation  of  h;enioglubin   int 
bihrubin,  requires  but  little  labour  on  the  part  of  the  cell,  and  majf^ 
be  carried    on   even   when   the    protoplasm  of   the    cell    is    hi^hly^ 
deranged. 

Seemg  the  great  solvent  power  of  both  gastric  and  pancreatic  juice, 
the  question  is  naturally  suggested.  Why  does  not  the  »^tom;^«  '     '       t 
itself?    After  death  the  stomach  is  frequently  found  partially 
viz,  in  cases  \*hen  death  has  taken  place  suddenly  on  a  full  r,  .-*.-.  . 
In  an  ordinary  death,  the  membrane  ceases  to  secrete  before  the  circu- 
lation is  at  an  end.     That  there  is  no  special  virtue  in  livim'  r'nr    « 
which  prevents  their  being  digested  is  shewn  by  the  ftct,  tha 
of  a  frog  or  the  ear  of  a  rabbit  introduced  into  a  gastric  i; 
readily  digested.     Pavy*  has  suggested  that  the  bloodcurrcnt  kct-p* 
up  an  alkalinity  sufficient  to  neutralize  the  acidity  of  the  juice  ;  and 
he  shews  by  experinienl  that  tracts  of  the  gastric  membrane,  from  which 
the  circulation  is  cut  off,  are  digested.     But  tracts  so  cut  off  soon  die, 
they  lo&c  not  only  the  alkalinity  of  the  blood  but  also  all  their  pwur 
and  the  alkalinity  of  the  bloud  will  not  explain  why  the  mouths  ui 
glands,  which  are  acid,  are  not  digested,  or  why  the  pancrc  " 
which  is  active  in  an  alkalme  mcdrum,  does  not  digest  the  { 
the  pancreas  itself,  or  why  the  gastric  membrane  of  the  bluuu...^^ 
noioon  or  hydrozoon  does  not  digest  itself.     We  might  add,  it 
not  explain  why  the  amceba,  whdc  dissolving  the  protoplasm  o:  -.:_ 
swalluwetl  diatom,  docs  not  dissolve  its  own  protoplasm.     We  cannot 
answer  this  question  ai  all  at  present,  any  mure  than  the  simiLir  one, 
why  the  delicate  protoplasm   of  the  amceba  resists  during   life  all 
osmosis,  while  a  few  moments  after  it  is  dead,  osmotic  effects  become 
^     abundantly  evident. 
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Smc,  3,    The  Muscular  Mechanisms  of  Digestiok* 

From  its  entrance  into  the  month  until  such  remnant  of  it  as 
undigested  leaves  the  body,  the  food  is  continually  subjected  to 
>vcments    having   for  their  object  the  trituration  of   the  food 

in  mastication,  or  its  more  complete  mixture  with  the 
jestive  juices,  or  its  forwanl  progress  through  the  alimentary 
lal.  These  various  movements  may  briefly  be  considered  m 
!taiL 

Mastication.  Of  this  it  need  only  be  said  that  in  man  it 
msists  chit-fly  of  an  up  and  dov^n  movement  of  the  lower  jaw, 
combined,  in  the  grinding  action  of  the  molar  teeth,  with  a 
certain  amount  of  lateraJ  and  fore  and  aft  movement.  The 
lower  jaw  is  raised  by  means  of  the  temporal,  masscter,  and 
internal  pterygoid  muscles.  The  slighter  effort  of  depression 
brings  into  action  chiefly  the  digastric  muscle,  though  the  mylo- 
hyoid and  geniohyoid  probably  share  in  the  matter.  Contraction 
of  the  external  pterygoids  pulls  fori^ard  the  condyles,  and  thrusts 
lower  teeth  m  front  of  the  upper.  Contraction  of  the  ptery- 
►ids  on  one  side  will  also  throw  the  teeth  on  to  the  opposite  side, 
le  lower  horizontally  pLicod  fibres  of  the  temporal  serve  to 
[i;icl  the  jaw. 
During  mastication  the  faod  is  moved  to  and  fro,  and  rolled 
about  by  the  movements  of  the  tongue.  These  are  effected 
by  the  muscles  of  that  organ  governed  by  the  hypoglossal 
licr^'e. 

The  act  of  mastication  is  a  voluntary  one,  guided,  as  are  so 
ly  voluntary  acts,  not  only  by  muscular  sense  but  also  by 
mtitct  senj^ations.  The  motor  fibres  of  the  fifth  cranial  nerve 
mvey  mot(*r  impul.^es  from  the  brain  to  the  muscles ;  but 
tralysis  of  the  sensor)-  fibres  of  the  same  nerve  renders  masti- 
ition  difficult  by  depriving  the  will  of  the  aid  of  th^  usual 
^nsatiuns. 

Deglutition.  The  food  when  sufficiently  masticated  is,  by 
the  movements  of  the  tongue,  gathered  uf)  into  a  bolus  on  the 
nn.  (He  of  the  upper  surface  of  that  organ.  The  front  of  the 
t^'f,4ue  being  raised— partly  by  Hs  intrinsic  muscles,  and  partly  by 
tliL  ^tyloglossus — the  bolus  is  thrust  back  between  the  tongue  and 
ifu-  i*alate  through  the  anterior  pillars  of  the  fauces  or  isthmus 
tauaum.  Immediately  before  it  arrives  there,  the  soft  palate  is 
uuaed  by  the  levator  palaii,  and  so  brought  to  touch  the  posterit 
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wall  of   the   pharynx,   which,  by   the  contraction   of  the  upj 
margin  of  the  superior  constrictor  of  the  pharynx,  bulges  som^ 
what  forward.     The  elevation  of  the  soft  palate  causes  a  disiin< 
rise  of  pressure  in  the  nasal  chambers  ;    this  can    be  shewn 
introducing  a  water  manometer  into  one  nostril,  and  closing 
other  just  previous  to  swallowing.     By  the   contraction   of  tl 
pall lo- pharyngeal  muscles  which  lie  in  the  posterior  pillars  of  tht 
fauces,  the  curved  edges  of  those   piUars  are   made  straight,  and 
thus  tend  to  meet  in  the  middle  line,  the  small  gap  between  thcrc 
being  filled  up  by  the   uvula.     Through   these  manoeuvres,  the 
entrance  into  the  posterior  nares  is  blocked,  while  the  soft  paUie 
forms  a  sloping  roof,  guiding  the  bolus  down  the  pharynx.     By 
the  contraciion  of   the  stylo-pharyngeus  and   jjalato-pharyrigeus, 
the  funnel-shiiped  ba^^  of  the  pharynx  is  brought  up  to  meet  the 
descending  morsel,  very  much  as  a  glove  may  be  drawn  up  over 
the  finger. 

Meanwhile  in  the  larynx,  as  shewn  by  the  laryngoscope,  the 
arytenoid  cartilages  and  vocal  cords  are  approximated :  the  latter 
bjing  also  raised  .^o  that  they  come  very  near  to  the  false  vocal 
cords:  the  cushion  at  the  base  of  the  epiglottis  covers  the  rima 
gloltidis,  while  the  epiglottis  itself  is  depressed  over  the  laryiu. 
The  iliyroid  cartilage  is  now,  by  the  action  of  the  laryim  ;il 
muscles,  suddenly  raised  up  behind  the  hyoid  bone,  and  thus 
assists  the  epiglottis  to  cover  the  glottis.  This  movement  of  the 
thyroid  can  easily  be  felt  on  the  outside.  Thus,  both  the  entiance 
into  the  posterior  nares  and  that  into  the  larynx  being  dosed,  the 
impulse  given  to  the  bolus  by  the  tongue  can  have  no  other  effect 
than  to  propel  it  beneath  the  sloping  soft  palate,  over  the  incline 
forn»ed  by  the  root  of  the  tongue  and  the  epiglottis^  into  the  grasp 
of  the  constrictor  muscles  of  the  pharynx :  the  palato^ghssi  or 
comtrictores  isthmi  famiitvi^  which  lie  in  the  anterior  pillars  of  the 
fauces,  by  contracting,  close  the  door  behind  the  food  which  has 
passed  them.  The  morsel  being  now  within  the  reach  of  the 
constrictors  of  the  pharynx,  these  contract  in  sequence  from 
above  downwards,  and  thus  necessarily  thrust  the  food  into  the 
cesophagus. 

Deglutition  therefore,  though  a  continuous  act,  mayl)e  regarded 
as  divided  into  three  stages.  The  first  stage  is  the  thrusting  uf  the 
food  through  the  isthmus  faucium  ;  this  being  a  voluntary  act»  may 
be  either  of  long  or  short  duration.  The  second  stage  is  the 
pass.ige  through  the  upper  part  of  the  pharynx.  Here  the  food 
traverses  a  region  common  both  lo  the  food  and  to  respiration»and 
in  consequence  the  movement  is  as  rapid  ns  possible.  The  ilnr-i 
stage  15  the  descent  through  the  grasp  of  the  constrictors.     Here 
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the  food  has  passed  the  respiratory  orifice,  and  in  consequence  its 
passage  may  again  bucome  cotnparativety  slow. 

The  first  Mage  in  this  complicated  process  is  undoubtedly  a 
voluntary  action  ;  the  raising  ol  the  Sf  ifi  palate  and  the  approxima- 
tion of  the  posterior  pillars  must  also  be  in  a  measure  voluntary, 
since  ihey  were  seen,  in  a  case  where  the  pharynx  was  laid  bare  by 
nn  operation,  to  take  place  before  the  food  had  touched  them*; 
Imt  tliey  may  lake  place  without  any  exercise  of  the  will  or  pre- 
s>entc  of  consciousness,  and  indeed  ihe  whole  part  of  the  act  of 
«lcgluiiiion  which  follows  upon  the  passing  of  the  food  through  the 
rtnicrior  pillars  of  the  fauces  must  be  regarded  as  a  reflex  act : 
though  some  of  the  earlier  component  movements  are^  as  it  were, 
on  the  borderland  bctv^cen  the  voluntary  and  involuntary  king- 
doms. The  constricting  action  of  the  constrictors  on  the  other 
band  is  purely  reflex  ■  the  will  has  no  power  whatever  over  it ;  it 
cannot  cither  originate,  stop,  or  modify  it 

Deglutition  as  a  whole  is  a  reflex  act,  and  c-innot  take  place 
unless  son^e  stimulus  be  applied  to  the  mucous  membrane  of  the 
fauces,  W^hen  we  voluntarily  bring  about  swallowing  movements 
with  the  mouth  empty,  we  supply  the  necessary  Mtmulus  by  forcing 
wilh  the  tongue  a  small  quantity  of  saliva  into  the  fauces,  or  by 
touching  die  fauces  with  the  tongue  itself. 

In  the  reflex  act  of  deglutition  the  afferent  imptilses  originated 
in  the  fauces  are  carried  up  chiefly  by  the  glosso  pharyngeal,  but 
also  by  branches  of  the  fifth,  and  by  the  pharyngeal  branches  of 
the  superior  laryngeal  division  of  the  vagus.  The  efferent  impul^ics 
descend  the  hypoglossal  to  the  muscles  of  the  tongue,  and  pass 
down  the  glossopharyngeal,  the  vagus  through  the  pharyngeal 
plexus,  the  fifth  and  the  facial,  to  the  muscles  of  the  fauces  and 
►har^Tix :  their  exact  parts  being  as  yet  not  fully  knowTi,  and 
robably  var)ing  in  different  animals.  The  larj'ngeal  muscles  are 
)verncd  by  the  laryngeal  branches  of  the  vagus. 

The  Centre  of  the  reflex  act  lies  in  the  medulla  oblongata. 

[lutition  can   be  excited,  by  tickling  the  fauces,  in  an  animal 

[icred    unconscious   by  removal  of  the  brain,   provided   the 

diilla  be  left     If  the  medulla  be  destroyed,  deglutition  is  im- 

»55iblc.     The  centre  for  deglutirion  lies  higher  up  than  that  of 

rspiration,  so  that  the  former  act  is  frequently  impaired  or  rcn- 

Icred  unpossible  while   the   latter   rcmams    untouched.       It   is 

Probable   that,  as  is  the  case  in  so  many  other  reflex  acts,  the 

libolc  movement  can  be  called  forth  by  stimuli  affecting  the  centre 

directly,  and  not  acting  on  the  usual  afferent  nerves. 

A«  each   successive   segment    of  the  pharyngeal  constrictors 
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contracts  in  sequence  from  above  downwards,  the  bolus  is  carrii 
down  into  the  upper  end  of  the  cesophagus.     Here  it  is  subjecCc^l 
Co   the   influence  of  a  peculiar  muscular  action  known  as    *  p< 
stahic  '.    Since  this  kind  of  muscular  action  is,  with  local  variationf 
characteristic  of  the  whulc  ahiticntary  canal  from  the  beginning 
the  tjesophagus  to  the  end  uf  the  rectum,  it  will  be  of  advantage 
disregard  the  strict  topographical  order  of  events,  and  lu  considt'f,^ 
hrst  of  all,  th^  movetneut  in  that  part  of  the  canal  where  it  is  com- 
paratively simple  in  nature,  and  has  been  l^est  studied:  vix,  in  tUt- 
small  intestine  ;  and  alter ward^  to  deal  with  the  variations  occurnng 
in  particular  places  and  under  special  circumstances. 

Peristaltic  action  of  the  small  intestine.  Wc  have 
already  seen,  in  ircating  of  unstriated  muscular  fibre  (p.  1 1 9),  lliai 
a  stimulus  apphed  to  any  part  of  the  small  intesime  gives  ri&e  10  a 
circular  contraction^  or  contraction  of  the  circular  muscular  coat» 
which  travels  lengthways  as  a  wave  along  the  mtestme,  and  aUo  10 
a  longitudinal  contractiun,  or  contraction  of  the  longitudinal  cau» 
which  also  travels  lengthways  us  a  wave  along  the  intestine.  Sine 
the  circular  coal  is  much  thicker  than  the  longitudinal  one,  t 
circular  wave  is  more  powerful  and  more  important  than  the  longi- 
tudinal onej  the  circular  coat  has  by  far  the  greater  share  10 
propelling  the  food  along  the  intestine.  It  is  obvious  thai  a  cir- 
cular contraction  travelling  down  the  intestine  (and  in  the  natural 
state  of  things  it  does  travel  downwards,  and  not  both  upwards 
and  downwards)  must  drive  the  contents  of  the  intestine  onwards 
towards  the  caecum*  And  practically  when  the  intestines  are 
watchctl  after  opeiniig  the  abdomen,  the  contents  are  seen  to  be 
thus  thrust  onward  by  the  contraction  of  the  circular  coat  The 
contractions  of  the  longiiudinal  coat  appear  to  be  chiefly  of  use  in 
producing  peculiar  oscillating  movements  of  the  pendent  loof»s  in 
which  the  intestine  is  arranged.  The  rhythmic  occurrence  of 
these  circular  and  to-and-fro  movements,  together  with  the  passive 
movements  caused  by  the  entrance  of  the  lluid  contents  into  of] 
their  exit  from  the  various  loops,  gives  rise  to  the  peculiar  wriihinj 
of  the  intestines  which  is  known  as  peristaltic  action. 

The  movements,  as  we  have  said,  take  place  from  above  do 
wards,  and  a  wave  beginning  at  the  pylorus  may  be  traced  a  Ion] 
way  down.  But  contractions  may,  and  in  all  probabihty  occasiofW 
ally  do,  begin  at  various  points  along  the  length  of  the  intestine. 
In  the  living  body  the  intestines  have  periods  of  rest,  alternaiinj; 
with  periods  of  activity,  the  occurrence  of  the  periods  depending 
on  various  circumstances. 

With  regard  to  the  causation  of  the  peristaltic  movements 
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the  intestine,  this  much  may  be  affirmed.  They  may  occur,  as  m 
a  piccji  of  intestine  cut  out  from  the  body^  wholly  independently 
of  the  central  nervous  system.  The  only  nervous  elements  which 
can  be  regarded  as  essential  to  their  development  are  the  ganglia 
of  Auerbach  or  those  of  Meissner  in  the  intestinal  walls. 

Though  peristaltic  movements  can  readily  be  excited  by  stimuli, 
applied  cither  to  the  outside^  or,  more  especi^iily,  to  the  inside  of  the 
intC!»tiQc^  they  arc  prob:ibly  at  bottom  automatic.  The  presence  of 
food,  especially  of  food  m  motion,  may  at  times  act  as  a  stimulus,  and 
may  m  all  cases  be  a  condiliun  affecting  the  nature  and  extent  of  the 
niovcmeut  ;  but  canROt  be  regarded  as  the  reaJ  cause  of  the  action. 
When  any  body  is  introduced  into  the  intestine,  a  contraction  at  first 
occurs,  but  soon  passes  off  as  the  intestine  becomes  accustomed  to  the 
presence  of  the  body.  There  is  no  reason  why  the  intestine  should  not 
become  equally  accustomed  to  the  presence  ot  food  ;  and,  as  a  matter 
of  fact,  peristaltic  movements  are  often  absent  when  the  intestines  are 
The  presence  of  food  bears  about  the  same  relation  to  the 
ments  of  the  intestine,  that  the  presence  of  blood  bears  to  the 
beait  of  the  heart.  Both  are  favouring  but  not  indispensable  condi- 
tions ;  in  both  cases  the  action  can  go  on  without  ilicm,  \Vc  may 
add  that  just  as  the  tension  of  a  muscle  increases  up  to  a  certain  extent 
the  amount  of  its  contraction,  and  a  full  heart  beats  more  strongly  than 
An  empty  one,  so  distension  of  the  intestine  largely  increases  pensiaUic 
action.  Hence  in  cases  of  obstruction  of  the  bowels,  the  movements 
become  distrts^ing  by  their  vioknce. 

Among  the  chief  circumstances  affecting  peristaltic  action  may 
be  mentioned  in  the  hrst  place  the  condition  of  the  blood.  A 
Isck  of  oxygen  or  an  excess  of  carbonic  actd  in  the  blood  exdtes 
powerful  movements.  This  is  well  seen  in  asphyxia,  and  the 
post-mortem  peristaltic  movements  witnessed  on  opening  a 
recently- killed  animal,  are  probably  due  to  the  deficiency  of 
oxygen  or  the  accumulation  of  carbonic  acid  in  the  blood  and 
tissues  of  tlic  intestinal  walls.    Conversely,  saturation  of  the  blood 

tih  oxygen,  as  in  the  peculiar  condition  known  as  apncea  (see 
chapter  on  Kcspiratiun),  lends  to  check  peristaltic  movements. 

Judging;  from  the  analogy  of  the  respiratory  and  other  nenous 
centres,  the  effects  should  be  attributed  to  variations  m  the  qii;int»ty  ot 

xygen  rather  than  of  carbonic  acid  ;  this  however  docs  not  at  preseiiC 

cm  clearly  ptoved, 

hi  the  second  place,  peristaltic  action  is  largely  in^ucnced  by 
nervous  influences  passing  along  the  splanchnic  and  vagus  nerves. 
The  movements  will  go  on  after  section  of  both  these  nerves  ;  but 
'*:  jencral  rule,  while  stimulation  of  the  splanchnic  tends  lo 
iS.  V  Uiai  of  the  vagus  tends  to  excite  them.  It  is  probably 
through  the  vagus  that  peristaltic   movements  can  be   effected 

•  Pflugcr,  Hit  IlcmtHUK^ij(urotn  d^i  Durms^  1*57- 
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in  a  reflex  manner,  as  in  that  increase  of  the  movements  of  iJi 
intestine  in  consequence  of  emotions,  which  has  given  rise  to  tlu 
phrase  '  my  bowels  yearned.' 

It  is  generally  stated  that  sudden  stoppage  of  the  blood-< 
excites  peristahic  action^  the  explanation  given  being  that,  as 
general  death,  there  is  an  accumulation  of  carbonic  acid  and  a  lack 
oxygen  in  the  intestinal  tissues.     Van  Braam  Houckgeest*,  howevi 
statesj  on  the  contrary,  that  it  brinies  the  jatestinc  to  rest  ;  and  Ni 
found  that  the  injection  of  arterial  blood,  at  a  high  pressure,  cau^ 
very  powerful  movements.     On  the  other  hand,  exposure  to  air 
been  considered  as  ao  exciting  cause  of  the  movements ;  and 
doubtedly  a  very  Large  amount  of  movement  may  frequently  be 
served,  on  laving  open  the  abdomen,  even  in  animals  whose  circol 
is  active.    Since  however  the  movements  continue  when  the 
immersed  in  weak  sodium  chloride  solution  and  the  intestine  th( 
excluded  from  direct  contact  with  air,  they  cannot  be  attributed 
mere  exposure.     If  the  splanchnic  nerve  be  stimulated  while  acti 
movement  is  going  on,  the  intestine  is  undoubtedly  brought  to  tc 
Since  at  the  same  time  the  blood-vessels  of  the  intestine  are  by  lh( 
vaso- con  strict  or  action  of  the  splanchnic  constricted,  the  quie^cenc< 
of  the  intestine  may  be  indirectly  due  to  insufficient  blood-supply  J 
Houckgcest  however  denies  this,  on  the  ground  that  when  by  exposure 
to  the  air  the  blood-vessels  of  the  intestine  are  so  far  paralysco  as  to 
be  no  longer  constricted  by  the  action  of  the  splanchnic,  quiescence 
the  intestine  is  still  observed  on  irritating  that  nerve.     The  splanchnic 
thus  appears  to  be  a  direct  inhibitory  nerve  as  regards   y 
action,  while  the  vagus  is  undoubtedly  an  adjuv.mt  or   a 
nerve.     U  is  stated  that  after  se -tion  of  the  splanchnics  pcj 
movements  are  more  .ictive  and  more  readily  brought  about  by  stimu- 
lation of  the  vagus  than  when  the  splanchnics  are  entire.     Accordinj 
to  Ludwig*,  however,  stimulation  of  the  splanchnic,  while  it  stops  ai 
already-developed  peristakit  action,  will  bring  on  the  movement  wh< 
brouj^ht  to  bear  on  an  intestine  previously  at  rest. 

When  the  vagus  is  stimulated,  peristaltic  contraction  is  seen 
begin  at  the  pylorus  of  the  stonach  and  so  to  descend  along  the  mt< 
tine.  It  has  been  stated  that  no  so-called  antiperistaltic  action, 
is,  a  wave  of  contraction  passing  upwards  instead  of  downwards  alimj 
the  intestine,  ever  occurs  naturally  in  the  intestine,  the  backward 
undoubtedly  seen  when  an  ub-.trnction  exists  being  explained  as  beinj 
simply  due  to  a  central  return  current.  When  however  the  duodenui 
is  mechani  ally  stimulatcJ  bot'i  a  peristaltic  and  an  antipcristaJii 
wave  may  be  observed,  the  lonmcr  passing  downward  and  ceasing 
the  ileo-C3ec;il  valve  if  nut  before,  the  hitter  passing  up  and  » easinj 
at  the  pylorus.  And  when  in  the  exposed  intestines  a  wave,  ai 
occasionally  happens,  begins  spontaneously  in  the  duodenutu,  it  ma^ 

•  Pllugcr**  Archive  vu  ( 1872)  p.  266. 

•  Sfitr.  5.  PhyshL  d.  Ditmitxwr^un^m^  1866. 
>  Ba^ch,  iVim.  Sittuttj^ii'okht,  LXViii,  (187J). 
«  Lthrkt  Bd.  ll,  p.  616. 
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sometimes  be  seen  to  pass  both  upwards  and  downwards.  It  is  worthy 
ot  notice  that  stimulation  of  the  small  intestine  is  said  not  to  cause 
movement  either  in  the  stomach  or  hvrgG  intestine,  and  stimulation 
of  the  large  cau'^es  no  movement  of  the  small  intestine,  the  ileo-caecal 
vaJve  and  the  pylorus  barring  the  progress  of  ihe  waves'. 

Certain  drujts,  such  as  nicotin,  in'lu:e  strong  peristaltic  action  ;  the 
modus  operandi  of  these  and  of  the  more  speciftc  purgative  drugs  is  at 
present  uncertain. 

Having  thus  studied  the  general  characters  of  peristaltic  action 
in  its  most  marketi  form,  we  may  briefly  consider  the  same  move* 
mcnt  in  other  parts  of  the  alimentary  canal. 
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Movements  of  the  CEsophagus.  The  descent  of  the 
d  along  the  otrsophagus  is  effected  by  a  peristaltic  contraction 
of  the  circular  and  longitudinal  coats,  resembling  in  its  general 
characters  that  of  the  intestine.  It  differs  however  in  being  more 
closely  dependent  em  the  central  nervous  system,  and  may  in  fact 
be  considered  as  being  in  large  measure  a  reflex  act,  with  the 
centre  lu  the  medulla  oblongata,  both  afferent  and  efferent  impulses 
ing  supplied  by  the  vagus.  It  may  be  readily  excited  by 
imulating  the  central  end  of  the  superior  laryngeal  nerve ;  and 
this  nerve,  since  it  is  connected  by  its  pharyngeal  branch  both 
with  Uie  mucous  membrane  of  the  pharynx  and  with  the  lower 
pharyngeal  constrictor,  may  serve  to  inaugurate  the  oesophageal 
movement,  by  carrying  afferent  impulses  started  by  the  presence 
of  food  in  the  pharynx  or  by  the  muscular  act  of  swallowing. 
Section  of  the  trunk  of  the  vagus,  renders  diffn  ult  the  passage  of 
food  along  the  oesophagus,  and  stimulation  of  the  peripheral 
stump  causes  oesophageal  contractions.  Hence  the  motor  tracts 
of  the  reflex  act  are  to  be  sought  for  in  the  vagus  also.  The 
force  of  this  movement  is  considerable  ;  thus  Mosso*  found  that 
m  the  dog  a  ball  pulling  by  means  of  a  pulley  against  a  weight  of 
250  grammes  was  readily  carried  down  from  the  pharynx  to  the 
stomach. 

Mosso '  states  that  section  and  even  removal  of  portions  of  the 
CLsophagus  do  not  prevent  the  pro-^ression  of  a  peristaltic  wave  frotu 
i'U.4r\nx  to  the  stomach,  provided  the  reflex  machinery  of  the 
lU  be  ini.iCL  He  .Tr>:ue>  in  consequence  that  the  natural  move- 
ment m  swallowing  is  entirely  carried  on  by  the  mcdulk  as  a  reflex 
act.  Nevertheless  an  cesophagus  according  to  his  own  account  will 
Vk'  t^ved  from  the  body,  and  therefore  entirely  separated  from 

ic  nervous  mechanism,  exhibit  good  peristaltic  movements. 
luc   exirmsic  central  mechanism   therefore  would  seem  only  to  be 


L 


l^neclmann,  Pfluger'.s  ArtAw,  IV.  {1871),  p.  33. 
Moier.chott*a  Uniinuck,  XI.  (1S74)  p.  327. 
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useful   in   perfecting   a  tnovenien(  which   in  its  absence   wo«]4  be 
imperfect  and  int-fficient. 

Goltz'  has  shewn  that  if,  in  a  urarized  frog,  fluid  be  poured  da-n-n 
the  throat,  both  stomach  and  crsophagus  wiD,  after  the  first  ;  : 

movements  carrying  down  the  first  portions  of  fluid  have  p.i< 
remain  perfectly  quiescent  in  an  enormously  distended  con  iiuon  \» 
coniniction  of  the  pylorus  preveming  the  descent  of  the  fluid  ioto  tl 
duodenum),  so  long  as  the  medulla  oblongata  and  vagi  are  int;a< 
Destruction  of  the  medulla  or  section  of  the  vag^i  gives  rise  to 
development  of  abundant  downward  and  upw^ard  peristaltic  waves 
contra  tion,  by  which  the  stomach  becomes  wrinkled  and  the  top 
the  oesophagus  closed  ;  and  these  movements  last  as  long  as  the  invl 
tability  of  the  organs  continues.  During  the  quiescence  observed  with 
intact  vagi  and  medulla,  temporary  peristaltic  action  may  be  induced 
by  direct  irritation  of  the  va^us,  or  in  a  reflex  manner  through  the 
medulla,  by  stimulation  of  the  skin  or  intestine,  Chauveau'  and  Schiff* 
also  saw  occasional  movements  in  the  oesophagus  after  sectioD  of  the 
vagus»  Goltz  interprets  his  result  by  supposing  that  the  movements 
are  primarily  caused  by  local  motor  centres  in  the  cesophagus  and 
stomach,  habitually  inhibited  by  the  action  of  a  centre  in  the  medulla. 
Hence  when  this  inhibition  is  removed  by  destruction  of  the  medulla 
or  section  of  the  va^i,  the  energy  of  the  local  centres  is  free  to  act 
Stimulation  of  the  skin  or  other  distant  spots  produces  movements  by 
depressing  the  medullary  inhibitory  centre.  Stimulation  of  the  vagos 
probably  produces  movements  by  directly  augmenting  the  lixal 
centres. 

The  junction  of  the  oesophagus  with  the  stomach  remains  in  a 
more  or  less  permanent  condition  of  tonic  or  obscurely  rhylhmic 
contraction,  more  particularly  when  the  stomach  is  full  of  foodf 
and  thus  serves  as  a  sphincter  to  prevent  the  return  of  food  from 
the  stomach  into  the  oesophagus.  During  the  passage  of  the  food 
from  the  oesophagus  into  the  stomach  this  sphincter  becomes 
relaxed,  probably  by  a  raechanism  which  will  be  described  in 
treating  of  vomiting. 

Movements  of  the  Stomach.  These  are  at  bottom 
peristaltic  in  nature,  though  largely  modified  by  the  peculiar 
arrangement  of  the  gastric  muscular  fibres.  When  food  first] 
enters  the  stomach,  the  movements  are  feeble  and  slight,  but  a« 
digestion  goes  on  they  become  more  and  more  vigorous,  giving^ 
rise  to  a  sort  of  churning  within  the  stomach,  the  food  travelling] 
from  the  cardiac  orifice  along  the  greater  curvature  to  the  pylorus^ | 
and  returning  by  the  lesser  cut^ature,  while  at  the  same 
subsidiary  currents  tend  to  carry  the  food  which  has  been  passii 

^  •  Pfliigcr's  Archiv^  vi.  (1872)  p,  616, 
»  youmal  de  Physiologies  V,  (1863)  p.  337. 
'  Lt^oHS  sur  la  Physioio^e  dt  Dilation,  p.  377, 
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cfose  to  the  mucous  membrane  towards  the  middle  ol  the  stomach, 

and  via  T*€rsa,     At  the  pyloric  end  strong  circular  contractions  are 

set  up»  by  which  portions  of  food,  more  especially  the  dissolved 

but  also*  small  solid  pieces,  axe  carried  through  the  relaxed 

'  ler  mto  the  duodenum.     As  digestion  proceeds,  more  and 

uiuic  material  leaves  the  stomach,  which  is  thus  gradually  emptied, 

the  last  portions  which  are  carried  through   being  those  matters 

which  are  least  digestible,  and  foreign  bodies  which  happen  to 

have  been  swallowed.     The  presence  of  food  then   leads  to  the 

Icvclopment   of  obscurely   peristaltic   rhythmic   movements,  the 

>mach  when  empty  being  contracted,  but  quiescent;  but  evidently 

it  is  not  the  mere  roethaRical  repletion  ot  the  organ  which  is  the 

cause    of   the   movements,  since  the   stomach    is    fullest   at   the 

beginning  when  the  movements  are  slight,  and  Liecoraes  empty  as 

jthcy  grow  more  forcible.     The  one  thing  which   does  increase 

r/t  /rjiiw  with  the  movements   is  the  acidity,  which   is   at   a 

kinimum  when  the  (generally  alkaline)  food  has  been  swallowed, 

id  increases  steadily  onwards.    It  has  not  however  been  definitely 

shewn  that  the  increasing  acidity  is  the  eflicient  stimulus,  giving 

rise  to  the  movements. 

The  nervous  mechanism  of  the  gastric  movements  is  very  perplex- 
ing.    Judging  from  the  analogy  of  the  intestine,  one  would  imagine 
thai    they   originated    in  the   stomach  itself,  being  modified  but  not 
directly  caused  by  the  action  of  the  ccntrdJ  nervous  system.     Sponta- 
neous movements,  however,  of  a  stomach,  whose  ner\'ous  connections 
have  been  severed,  even  of  a  full  one,  are  at  least  much  more  rare  than 
those  se^n  m  the  intestine  or  even  in  the  oesophagus  ;  and  such  move- 
menrs  as  arc  occasioned  by  local  mechanical  or  other  stimulation  arc 
d  in  extent,  and  rarely  put  on  all  the  characters  of  the  natural 
lex  contractions.     Since  there  are  abundant  ganglia  in  the  walls 
stomach,  it  may  fairly  be  doubted  whether  the  automatic  move- 
^   of    the   excised    intestine   are    due   to   the   action   of  ganglia, 
MLiieiwisc  why  should  not  the  gangUa  in  the  stomach  set  up  spontaneous 
movements  in  that  organ  also?     For  if  ganglia  are/>ar  exctlUncf  the 
organ'4  of  automatic  actions  we  should  expect  spontaneous  movem-pnts 
10  accompany  their  presence, 

\\\M  Stomach  receives  its  nervous  supply  from  the  vagi  and  also 
from  the  solar  plexus,  with  which  the  splanchnics  are  connected. 
When  the  vagi  are  divided,  a  spasmodic  constriction  of  the  cardiac 
on ticc  takes  place,  the  tonic  action  of  the  sphmcter  is  in.rcascd,  no 
dilaioh  takes  place,  and  food  is  thus  prevented,  for  a  time  at  leasts 
XxK^w  leaving  the  cesophagus.  This  result  is  in  harmony  wjth  the 
ubscrvalions  of  Goltz  on  the  frog.  In  addition  the  natural  movements 
of  the  stomach  itself  cease,  though  the  mtroduction  of  food  after 
section  of  the  vagi  is  said  to  cause  some  amount  of  contraction.     They 

•  Ktjhne,  /Mfifr.,  p.  53. 
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may  be  induced  by  stimulation  of  the  peripheral  stumps  uf  the  vagi, 
when  the  stomach  is  foli,  but  not  if  it  be  empty.  Neither  section  not 
stimulation  of  the  splanchnics  or  of  the  branches  ( rom  tlie  solar 
produce,  it  is  said,  any  effect  on  the  stomaih  as  f  tr  a^  its  muvei 
are  concerned.  Evidently  the  movements  of  the  stomacb«  far 
than  those  of  the  intestine,  are  dependent  on  and  govenicd  by  the 
central  nervous  system,  but  the  exact  manner  in  whi  h  tlicv  are 
governed,  and  the  prof>er  share  to  be  allotted  to  exciting  tory* 

mechanisms,  remain  yet  to  be  discovered.     The  sort  of  i  inc-j 

tion,  into  which  the  walls  of  the  stomach  fall  when  its  cavity  is  cmptj,i 
docs  not  occur  in  the  intestine ;  and  tJiis  feature  probably  modifies  %il| 
the  nervous  working  of  the  organ.  Nor  do  wc  knuw  the  exact 
mechanism  by  which  the  pyloric  sphincter  is  used  to  strain  off 
gradually  the  more  digested  portions  of  the  food.  The  movements  of  \ 
even  a  full  stomach  are  said  by  Busch'  to  cease  during  sleep. 

Movements  of  the  large  Intestine.    These  are  fuitdft- 

mentally  the  same  a.s  those  of  the  small  intestine,  but  distinct  in 
so  far  as  the  latter  cease  at  the  ileo-c^cal  valve,  at  which  spot  the 
former  normally  begin. 

They  are  said,  however,  not  to  be  inhibited  by  stimulation  of  the 
splanchnics.* 

The  faeces  in  their  passage  through  the  colon  are  lodged  m  the] 
sacculi  during  the  pauses  between  the  peristaltic  weaves.  Arrived i 
at  the  sigmoid  flexure,  they  are  supported  by  the  bladder  and  the 
sacrum,  so  that  they  do  not  press  od  the  sphincter  ani 

Defaecation,  This  is  a  mixed  act,  being  superhcially  thej 
result  of  an  effort  of  the  will,  and  yet  carried  out  by  means  of 
involuntary  mechanism.  Part  of  the  voluntary  effort  consists 
producing  a  pressure-effect,  hy  means  of  the  abdommaJ  muscles. 
These  are  contracted  forcibly  as  in  expiration,  but  the  glottis  l>eing^ 
closed,  and  the  escape  of  air  from  the  lungs  prevented,  the  whole 
force  of  the  pressure  is  brought  to  beiir  on  the  abdomen  itself, 
and  so  drives  the  contents  of  the  descending  colon  onward  into 
the  rectum.  1  he  sigmoid  flexure  is  by  its  position  sheltered  from 
this  pressure ;  a  body  introduced  per  anum  into  the  empty  rectum 
is  not  affected  by  even  forcible  contractions  of  the  abdominal  walls. 

The  anus  is  guarded  by  the  sphincter  ani,  which  is  habitually 
in  a  state  of  normal  tonic  contrnction.  capable  of  being  incrcasef! 
or  diminished  by  a  stimulus  applied,  either  internally  or  externally, 
to  the  anus.  The  tonic  contraction  is  in  part  at  least  due  to  the 
action  of  a  nervous  centre  situated  in  the  lumbar  spinal  cord^.     II 

'  Virch.  Anhiv^  XiV.  p.  l66w  *  PHiiger,  ofi.  cii.  ;  Naxse,  ^.  ai. 

i  Masius,  £mil  diTAcad,  A\  dt  Bdgifue^  xxiv,  (1 867),  p.  ^ta. 
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the  DCTVOUs  connexion  of  the  sphincter  with  the  spinal  cord  be 
broken^  relaxation  takes  place.  If  the  spinal  cord  be  divided  in 
the  dorsal  region,  the  sphincter,  after  the  depressing  effect  of  the 
operation,  which  may  last  several  days,  has  passed  off,  still 
maintains  its  tonicity,  shewing  thai  the  centre  is  not  placed  higher 
up  than  the  lumbar  region  of  the  cord,  I'he  increased  or  dimin- 
ished contraction  following  on  local  stimulation  is  probably  due  to 
a  reflex  augmentation  or  mhibition  of  the  action  of  this  centre. 
The  centre  is  also  subject  to  influences  proceeding  from  higher 
regions  of  the  cord,  and  from  the  brain.  By  the  action  of  tlie  will, 
by  emotions,  or  by  other  nervous  evtnts,  the  lumbar  sphinfcter  centre 
may  be  inhibited,  and  thus  the  sphincter  itself  relaxed ;  or  aug- 
rocntcd»  and  thus  the  sphincter  tightened.  A  second  item  therefore 
of  the  voluntary  process  in  defaecation  is  the  inhibition  of  the 
lumbar  sphincter  centre,  and  consequent  relaxation  of  the  sphincter 
muscle. 

According  to  Goltz ',  in  the  dog  after  division  of  tho  dorsal  cord. 
Mid  consequent  separation  of  the  sphincter  centre  fr&m  the  cerebrum, 
local  stimulation,  such  as  the  introduction  of  the  finger,  causes  not  a 
steady  increase  or  decrease  of  the  action  of  the  sphincter,  but  a 
rhythmic  alternation  of  tightening  and  relaxing.  The  absence  of  thia 
rhythm  with  an  intact  cord  indicates  some  obscure  action  of  the 
cerebral  centres  on  the  lumbar  centre*  The  conversion  of  the  tonic 
into  the  rhythmic  Jirtion  also  illustrates  the  close  relationship  between 
these  tw(j  kinds  of  movements. 

Though  the  tonic  contraction  of  the  sphincter  seems  so  largely 
dependent  on  the  lumbar  centre,  still  this  dependence  is  probably  not 
an  absolute  one.  In  the  case  of  a  man  in  whom  as  the  result  of  injury 
the  s.icrat  nerves  were  entirely  paralysed,  and  the  sphincter  accordingly 
had  no  nervous  connection  with  the  lumbar  centre  (unle-is  there  were  a 
roundabout  connection  by  means  of  the  sympathetic),  Gower ■  observed 
the  maintenance  of  a  certain  amount  c»f  tonic  contraction  which  could 
be  inhrbitcd,  and  rdajiation  induced,  by  stimulation  of  the  mucous 
ibrane  of  the  rectum  and  anus.     As  in  the  case  of  the  arteries, 

have  apparently  to  deal  here  with  a  tonic  contraction  which  ts 
ibitually  dependent  on  a  spinal  centre,  but  which  may  nevertheless 
ist  without  the  action  of  that  centre. 

Since  the  lumbar  centre  is  wholly  efficient  when  separated  from  the 

lin,  the  paralysis  of  the  sphincter  which  occurs  in  certain  cerebral 
ieases  is  probably  due  to  inhibition  of  this  centre,  and  not  to 
paralysis  of  any  cerebral  centre. 

Thus  a  voluntary  contraction  of  the  abdominal  ^alls,  accom- 
[ijinicd  by  a  relaxation  of  the  sphincter,  might  press  the  oonteati 

■  Pflu|£cT's  Arxkiv,  VII t.  <l874K  46a 
•  /Vw,  Rcy.  Soc.  XXVI.  (1877),  p,  77. 
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of  the  descending  colon  into  the  reciurn  and  out  at  the  amus. 
Smce  however,  as  we  have  seen,  the  pressure  of  the  abdominal 
walls  is  warded  off  the  sigmoid  flexure,  such  a  mode  of  defaecation 
would  always  end  in  leaving  the  sigmoid  flexure  full.  Hence  ibc 
necessity  for  these  more  or  less  voluntnTv  acts  being  accompanied 
by  an  entirely  involuntary  augmentation  of  the  peristaltic  action  o( 
the  large  intestine  and  sigmoid  flexure.  Or  rather,  to  describe 
matters  m  their  proper  order,  defrecation  takes  place  in  the  folloir- 
ing  manner.  Tlie  sigmoid  flexure  and  large  intestine  becoming 
more  and  more  full,  stronger  and  stronger  peristaltic  aciion  is 
excited  in  their  walls.  By  this  means  th^*  fseces  are  driven  againu 
the  sphincter.  Through  a  volutitar>*  act,  or  sometimes  at  least  by 
a  simple  reflex  action,  the  lumbar  sphincter  centre  is  inhibited  and 
the  sphincter  relaxed.  At  the  same  time  the  contraction  of  the 
abdominal  muscles  presses  firmly  on  the  descending  coloo,  and 
thus  the  contents  of  the  rectum  are  ejected. 

It  must  however  be  remembered  that,  while  in  appealing  lo 
our  own  consciousness,  the  contraction  of  the  abdominal  walls  and 
the  relaxation  of  the  sphincter  seem  purely  voluntary  efforts,  the 
whole  act  of  defsecation,  including  both  of  these  seemingly  so 
voluntary  components,  may  take  place  in  the  absence  of  conscious- 
ness, and  indeed,  in  the  case  of  Goltz's  dog',  after  the  complete 
jeverance  of  the  lumbar  from  the  dorsal  cord.  In  such  cases  the 
ivhole  act  must  be  purely  reflex,  excited  by  the  presence  of  faeces 
in  the  rectum. 

Vomiting.     In  a  conscious  individual  this  act  is  preceded 

by  feelings  of  nausea,  during  which  a  copious  flow  of  saliva  into 
the  mouth  takes  place.     This  being  swallowed  carries  down  with 
it  a  certain  quantity  of  air,  the  presence  of  which  in  the  stomachal 
by  assisting  in  the  opening  of  ih2  cardiac  sphincter,  subsequeni 
facilitates  the    discharge   of  the  gastric   contents.     The  nans 
is    generally  succeeded  at  first  by  ineffectual  retching  in  whicl 
a  deep  inspiratory  effort  is  made,  so  tliat  the  diaphragm  is  thnisl 
down   as   low   as   possible  against  the  stomach,  the  lower  ril 
being  at  the  same  lime  forcibly  drawn  in ;  since  during  this  ii 
spirator}'  cflbrt  ilie  glottis  is  kept  closed,  no  air  can  enter  into  th< 
lUngs  ;  but  some  is  ilrawn  into  the  pharynx,  and  thence  probabl] 
descends  by  a  swallowing  action   into  the  stomach.     In   actui 
vomiting  this  inspirator)-  effort  is  succeeded  by  a  sudden  violeni 
expiratory  contraction   of   the  abdomin.il  walls,  the  glottis  sti] 
being  closed,  so  that  the  whole  force  of  the  effort  is  spent,  as  ti 
dcfaecation,  in  pressure  on  the  abdominal  contents.     The  stomacl 
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Is  therefore  forcibly  compressed  from  without-  At  the  same  time> 
ar  rather  imractliately  before  the  expiratory  effort,  by  a  contraction 
of  its  longitudinal  fibres  the  CEsophagus  is  shortened  and  the 
cardiac  orifice  of  the  stomach  brought  close  under  the  diaphragm, 
while  apparently  by  a  contraction  of  the  fibres  which  radiate  from 
ihc  entl  of  the  cesophagus  over  the  stomach,  the  cardiac  orifice. 
which  is  normally  closed,  is  somewhat  suddenly  dilated.  This 
dilation  opeJ\s  a  way  for  the  contents  of  the  stomach,  which, 
pressed  upon  by  the  contraction  of  the  abdomen,  and  to  a  certain 
but  probably  only  to  a  slight  extent  by  the  contraction  of  the 
gastric  walls,  are  driven  forcibly  up  the  oesophagus,  their 
passage  along  that  channel  hui)^  possibly  iTisisted  by  the  con- 
traction of  the  longitudinal  muscles.  The  mouth  being  widely 
open,  and  the  neck  stretched  to  afford  as  straight  a  course  as 
pos&ible,  the  vomit  is  ejected  from  the  body.  At  this  moment 
there  is  an  additional  expiratory  effort  which  serves  to  prevent 
the  vomit  passing  into  the  larynx.  In  most  cases  too  the  posterior 
pillars  of  the  fauces  are  approximated,  in  order  to  close  the  nasal 
passage  against  the  ascending  stream.  This  bowever  in  severe 
vomiting  is  frequently  ineffectual. 

Thus  in  vomiting  there  are  two  distinct  acts ;  the  dilation  of 
the  cardiac  orifice  and  the  extrinsic  pressure  of  the  abdominal 
walls  in  an  expiratory  eftort.     Without  the  former  the  latter,  even 
hen  distressingly  vigorous,  is  inetTectuaL     Without  the  latter,  as 

urari  poisoning,  the  intrinsic  movements  of  the  stomach  itself 
are  rarely  sufficient  to  do  more  tlian  eject  gas,  and  it  may  be,  a 
very  small  quantity  of  food  or  fluid.  Pyrosis  or  waterbrash  is 
probably  brought  about  by  this  intrinsic  action  of  the  stomach. 

Diuring  vomiting  the  pylorus  is  generally  closed,  so  that  but 

e  material  escapes  into  the  duodenum.  When  the  gall- 
ladder  is  full,  a  copious  flow  of  bile  into  the  duodenum 
accompanies  the  act  of  vomiting.  Part  of  this  may  find  its 
way  into  the  stomach,  as  in  biUous  vomiting,  the  pylorus  then 
being  evidenUy  open. 

The  experiment  of  Majendie,  shewing  that  vomiting  can  take  place 
when  a  simple  bladder  is  substituted  for  the  stomach,  is  said  to  fail 
unless  the  cesophageal  sphincter  be  removed  or  the  dihting  mechanism 
be  left  intact  SchifF',  by  introducing  his  finger  through  a  gastric 
fi'^lula,  was  able  to  ascertain  by  direct  touch,  both  the  nonnal  occlu- 
sion of  ihc  cardiac  orifice,  broken  only  during  the  descent  of  food,  and 
Its.  >uddcn  dilation  just  preceding  the  expiratory  pressure  during 
voniitrng.  He  found  that  when  the  nriuscrular  fibres  radiating  from  the 
iBSophagtti  over  the  stomach  were  injured,  as  by  cniahtng  ihcm  w'th  a 
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ligature  forcibly  applied  for  a  few  seconds,  the  constriction  of  the 
cardiac  orifice  remained  permanent ;  dilation  of  the  cardiac  orift^ 
and  in  consequence  vomiting,  became  inipossible.  He  therefor? 
regards  the  dilation  as  caused  by  the  active  contraction  of  tlicsc 
fibres,  and  not  as  due  to  inhibition  of  the  normally  contracted  circuki 
fibres.  In  order  that  the  contraction  of  the  radiating  fibres  should 
caose  dilation,  their  ends  distal  from  the  oesophagus  must  be  fixed 
This  is  provided  by  the  stomach  being  supported  by  the  descent  ol 
the  diaphragm.  The  support  atforded  to  the  oesophagus  by  the 
diaphragm  as  it  passes  through  that  muscle  must  also  be  of  advantage, 
and  the  longer  the  portion  ot  oesophagus  between  the  diaphragm  and 
the  stomach,  the  greater  will  be  the  effect  of  the  radiating  muscles  in 
pulling  down  th*-  cesophagus  instead  of  dilating  its  orifice.  Thii  ts 
possibly  the  reason  why  the  horse  and  other  herbivorous  animals  vomit 
with  such  difficulty. 


The  nervous  mechanism  of  vomiting  is  complicated  and  in 
many  aspects  obscure.     The  efferent  impulses  which  cause  ibc 
expiratory  effort  must  come  from  the  respirator)*   centre  in  the 
mediiila ;    with  tbese  we  shall  deal  in   speaking  of   respiration. 
The  dilation  of  the  cardiac  orifice  is  caused,  in  part  at  least,  by 
efferent  impulses  descentling  the  vagi,  since  when  these  are  cut 
real  vomiting  with  discharge  of  the  gastric  contents  is  difficult, 
through   want   of   readiness   in    the   dilation.      The   sympathetic 
abdominal    nerves    coming    from    the    coeliac    ganglia   and   the 
splanchnic   nerves  seem  to  have  no  share  in  the  matter.     The 
efferent  impulses  which  cause  the  flow  of  saliva  in  the  introductory 
nausea  descend  the   facial   along   the   chorda   lympanl    branch. 
These  various  imi)ulses  may  best  be  considered  as  starting  from  a 
vomiting  centre  in  the  medulla,  having  dose  relations  with  the 
respiratory  centre.     This  centre  may  be  excited,  may  be  thrown^ 
into  action,  in  a  reflex  manner,  by  stimuli  applied  to  peripheral 
nerves,  as  w^hen  vomiting  is  induced  by  tickling  the  fauces,  or  by 
irritation    of    the   gastric   membrane,  or   by  obstruction    due   to 
ligature,  hernia,  etc,  of  the  intestine.     Thai  the  vomiting  in  the 
last  instance  is  due  to  nervous  action,  and  not  to  any  regurgitatioti^ 
of  the  intestinal  contents,  is  shewn  by  the  fact  that  it  will  lak 
place  when  the  intestine  is  perfecdy  empty  and  may  be  prevent 
by  section  of  the  mesenteric  nerves.     The  vomiting  attendio] 
renal  and  biliary  calculi  is  apparently  also  reflex  in  origin.     Th 
centre  however  may  be  affected  directly,  as  probably  in  the 
of  some  poisons,  and  in  some  instances  of  vomiting  from  disi 
of  the  medulla  oblongata.     Lastly,  it  may  be  thrown  into  acti 
by  impulses  reaching  it  from  parts  of  the  brain  higher  up  than 
itself,  as  in  cases  of   vomiting  produced  by  smells,  tastes  and 
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cmotionSp  and  by  the  memory  of  past  occasions,  and  in  some 
cases  of  vomiting  from  cerebral  disease. 

Many  emetics,  such  as  tartar  emetic,  appear  to  act  directly  on 
the  centre,  since,  introduced  into  the  blood,  they  will  produce 
vomiting  even  when  a  bladder  is  substituted  for  the  stomach. 
Others  again^  such  as  mustard  and  water,  act  in  a  reflex  manner 
by  irritation  of  the  gastric  mucous  membrane.  With  others* 
again,  which  cause  vomiting  by  developing  a  nauseous  taste,  the 
reflex  action  involves  paits  of  the  brain  higher  than  the  centre 

If. 

Since  the  vagus  acts  as  an  efferent  nerve  in  causing  the  dilation  of 

cardiac  orjfice  so  cs^suntial  lo  the  act,  it  is  difficult  to  eliminate  the 

Lrc  taken  by  the  vagus  as  an  afferent  nerve  carrying  up  impulses 

pom  the  stomach  to  the  vomiting  centre.     The  remarkable  fact  that, 

by  giving  tartar  emetic,  vomiting  may  in  dogs  be  sometimes  induced, 

ren  after  section  of  the  vagi,  shews  that  the  dilation  of  the  cardiac 

iftcc,  though  normally  effected  through  the  vagus,  may  be  carried 

'Oat  by  means  of  some  local  mechanism,  and  that  the  emetic  may  also 

stimulate  that  local  mechanism  at  the  same  lime  that  it  is  affecting  ih© 

icral  centre. 


Sec  4.    The  Changes  which  the  Food  undeigoes  in  the 
Alimentajiy  Canal. 

Having  studied  the  properties  of  the  digestive  juices,  and  the 
various  mechanisms  by  means  of  which  the  food  is  brought  under 
their  influence,  we  have  now  to  consider  what,  as  mvitters  of  fact, 
are  the  actual  changes  which  the  food  does  undergo  in  jjassing 
along  the  alimentary  canaJ,  what  are  the  steps  by  which  the  food 
is  converted  into  faeces. 

In  the  mouth  the  presence  of  the  food,  asiwted  by  the 
ients  of  the  jaw,  causes,  as  we  have  seen,  a  flow  of  saliva. 
Lsticatton,  and  by  the  addition  of  mucous  saliva,  tlic  food  is 
ten  into  small  pieces,  moistened,  and  gathered  into  a  con- 
venieDt  bohis  for  deglutition.  In  man  some  of  tho  starch  is,  even 
during  the  short  stay  of  the  food  in  the  mouth,  converted  into 
su^ar^  for  if  boiled  starch  free  from  sugar  be  even  momentarily 
held  in  the  mouth,  and  then  ejected  into  water  (kept  boiling  to 
destroy  the  ferment),  it  will  be  found  to  contain  a  decided  amount 
of  sugar.  In  many  animals  no  such  change  takes  place.  The 
viscid  saliva  of  the  dog  serves  almost  solely  to  assist  in  deglu- 
tition ;  and  even  the  longer  stay  which  food  makes  in  the  mouth 
of  the  hofise  is  insufficient  to  protluce  any  marked  conversion   of 
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the  starch  it  may  contain.     During  the  rapid  transit  through  the 
oesophagus  no  appreciable  change  takes  place. 

In  the  stomach,  the  arrival  of  the  food,  the  reaction  of 
which  is  either  naturally  alkaline,  or  is  made  alkaline,  or  at  least 
ig  retluced  in  actdity»  by  the  addition  of  saliva,  causes  a  flow  of 
gastric  juice.  This  already  commencing  while  the  food  is  as  yet 
in  the  moyth^  increases  as  the  food  accumulates  in  the  stomach, 
and  as,  by  the  churning  gastric  movements^  unchanged  jiarticles 
are  continually  being  brought  into  contact  with  the  "mucous 
membrane.  Moreover  (see  p.  276),  the  absorption  of  the  earlier 
digestt^d  portions  gives  rise  to  a  further  increase  of  secretion  and 
especially  of  pepsin.  The  secretion  of  acid  appears  to  continue 
at  a  fairly  constant  rate ;  and  consequently,  unless  neutralized  by 
fresh  alkaline  food,  the  reaction  of  the  gastric  contents  becomes 
more  and  more  distinctly  acid  as  digestion  proceeds.  The  change 
of  starch  into  sugar  is  lessened  or  perhaps  arrested.  The  fats 
themselves  remain  unchanged  ;  but,  through  the  conversion  of 
proteids  into  peptone*  not  only  are  the  more  distinctly  proteid 
ariicle*  of  foud»  sych  as  meat,  broken  up  and  dissolved,  but  the 
proteid  framework,  in  which  the  starch  and  fats  are  frequently 
imbedded,  is  loosened,  the  starch -granules  are  set  free,  and  the 
fats,  melted  for  the  most  part  by  the  heat  of  the  stomach,  tend  to 
ran  together  in  large  drops,  which  in  turn  are  more  or  less  apt  to 
be  broken  up  into  an  imperfect  emulsion.  The  collagenous 
tissues  are  dissolved  ;  and  hence  the  natural  bundles  of  meat  and 
vegetables  fall  asunder ;  the  muscular  fibre  splits  up  into  discs, 
and  the  protoplasm  is  dissolved  from  the  vegetable  cells.  While 
these  changes  are  proceeding,  the  thick  turbid  greyish  liquid  or 
chyme,  formed  by  the  imperfectly  dissolved  food,  is  from  time  to 
time  ejected  through  the  pylorus,  accompanied  by  even  large 
morsels  of  solid  less-digested  matter.  This  may  occur  within  a 
few  minutes  of  food  having  been  taken,  but  the  larger  escape 
from  the  stomach  jjrobably  does  not  begin  till  from  one  to  two, 
and  lasts  from  four  to  five,  hours  after  the  meal,  becoming  more 
rapid  towards  the  end,  such  pieces  as  most  resist  the  gastric  juice 
being  the  last  to  leave  the  stomach. 

Buach'  saw  in  the  case  of  a  duodenal  fistula,  portions  of  food  pass 
into  the  duodenum  within  15  or  20  minutes  from  the  beginning  of  the 
meal.  Beaumont*  gives  a  very  full  statement  of  the  time  during 
which  various  articles  of  food  remained  in  the  stomach  of  Alexis  St, 
Martin.     The  length  of  stay,  however,  of  the  same  substance  varied 

'  Virchow*5  ArcAiv,  Bd.  14  (1858),  p.  14a 
■  Exps.  andois.  an  gastrin  Juices  1834. 
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rery  much  under  various  ciicumstanccs.  Moreover  it  would  be  very 
haiardotis  to  make  a  fistulous  stomach  the  canon  of  what  takes  place 
in  a  healthy  organ.  In  animals  the  stay  of  the  food  in  the  stomach  is 
vcxj  variable.  Heidenhain'  found  food  in  the  stomach  of  dogs  16  lo 
24  hrs.  after  a  meal,  and  a>  is  well  known  die  stomachs  of  rabbits  are 
never  empty  but  always  more  or  k'ss  filled  with  food. 

In  the  presence  of  healthy  gastric  juice,  and  in  the  absence  of 
any  nervous  interference,  the  question  of  the  digestibility  of  any 
d  is  determined  chiefly  by  mechanical  conditions.  The  more 
ely  divided  the  material,  and  ihe  less  the  proteid  constituents 
are  sheltered  by  not  easily  soluble  envelopes,  such  as  those  of 
cellulose*  the  more  rapid  the  solution.  So  also  pieces  of  hard- 
boiled  egg,  which  have  to  be  gradually  dissolved  from  the  outside, 
are  less  easily  digested  than  the  more  friable  muscular  fibre,  the 
repeated  transverse  cleavage  of  which  increases  the  surface  exposed 
to  the  juice.  Unboiled  white  of  egg  again,  unless  thoroughly 
beaten  up  and  mixed  with  air,  is  less  digestible  than  the  same 
iled.  The  unboiled  white  forms  a  viscid  clotted  mass,  of  low 
ffusibility,  into  which  the  juice  permeates  with  the  greatest 
culty.  And  so  with  other  mstances.  Beyond  this  mechanical 
pcct  of  digestibility,  it  is  to  be  reraembereil  that  different  sub- 
ces  may  differently  affect  the  gastric  membrane,  promoting  or 
ecking  the  secretion  of  the  juice.  Hence  a  substance,  the  mass 
which  is  readily  dissolved  by  gastric  juice,  and  which  offers  no 
ichanical  obstacles  to  digestion,  may  yet  prove  indigestible  by 
affecting  the  gastric  membrane  through  some  special  con- 
ituent  (or  possibly  in  other  ways)  as  to  inhibit  the  secretion  of 
the  juice. 

That  substances  can  be  absorbed  from  the  cavity  of  the 
mach  into  the  circulation  is  proved  by  the  fact  ihat  food  when 
troduccd  disappears  very  largely  from  the  stomach  of  an  animal, 
the  pylorus  of  which  has  been  ligatured.  But  we  cannot  speak 
with  certainty  as  to  what  extent  in  ordinary  life  gastric  absorption 
takes  place,  or  by  what  mechanism  it  is  carried  out.  The  pre- 
sumption is,  that  the  diffusible  sugars  and  peptone  pass  by  osmosis 
direct  into  the  capillaries,  and  so  into  the  gastric  veins.  The 
filtrate  of  chyme  taken  from  a  stomach  in  fujl  digestion  contains 
parapeptonc,  but  scarcely  any  peptone.  From  this  it  may  fairiy 
be  inferred  that  the  peptone  has  been  absorbed 

In  the  act  of  swallowing,  no  inconsiderable  quantity  of  air  is 
carried  down  into  the  stomach,  entangled  in  the  saliva,  or  in  the 
food  This  is  returned  in  eructations.  When  the  gas  of  eructa* 
tion  or  that  obtained  directly  firom  the  stomach  is  examinedj  it  is 

*  rflugfT*!  Arrhiv,  XIX.  (1879^  p.  t^Sb 
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found  to  consist  chiefly  of  nitrogen  and  carbonic  acid,  the  05C}'gen 
of  the  atmospheric  air  having  been  largely  absorbed.  In  most 
cases  the  carbonic  acid  is  derived  by  simple  diffusion  from  the 
blood»  or  from  the  tissues  of  the  stomach,  which  similarly  take  up 
the  oxygen.  In  many  cases  of  flatulency,  however,  it  may  arise 
from  a  fermentative  decomposition  of  the  sugar  which  has  been 
taken  as  such  in  food,  or  which  has  been  produced  from  the 
starch. 

In  the  latter  case,  however,  hydrogen  ought  also  to  make  its 
appearance ;  thus  CbHijOb  =  2  C4HoOa  (lactic  acid)  —  CsHgOj 
(butyric  acid)  +  2  COj  +  H^,  whereas  hydrogen  has  only  been  found 
in  the  small  intcsiinc.  In  the  dog,  Planer'  found  in  the  stomach 
after  a  meat  diet  a  small  amount  of  gas  of  the  composition  CO  25*20, 
N  68 -68,  O  6*12,  after  a  meal  of  bread,  COj  32*91,  N  66- 30,  O  79, 

The  enormous  Quantity  of  gas  which  is  discharged  through  the 
mouth  in  cases  of  nystcrical  flatulency,  even  on  a  perfectly  empty 
stomach,  and  which  seems  to  consist  largely  of  carbonic  acid,  presents 
difHcuities  in  the  way  of  explanation ;  it  is  possible  that  it  may  be 
simply  dififuscd  from  the  blood. 

In  the  small  intestioe,  the  semi-digested  acid  food,  or 
chyme,  as  it  passes  over  the  biliary  orifice,  causes  gushes  of  bile, 
and  at  the  same  time,  as  we  have  seen  (p,  278),  the  pancreatic 
juice,  which  flowefl  freely  ioto  the  intestine  at  the  taking  of  the 
meal,  is  secreted  again  with  renewed  vigour,  when  the  gastric 
digestion  is  completecL  These  two  alkaline  fluids  tend  to  neutra- 
lize the  acidity  of  the  chyme,  but  the  contents  of  the  duodenum 
do  not  become  distinctly  alkaline  until  some  distance  from  the 
pylorus  is  reached.  Even  in  the  lower  part  of  the  ileum  the 
chyme  may  be  acid';  possibly  however  in  such  cases  it  has  been 
reacidified.  The  conversion  of  starch  into  sugar,  which  may  have 
languished  in  the  stomach,  is  resumed  with  great  activity  by  the 
pancreatic  juice,  though  portions  of  undigested  starch  may  be 
found  in  the  large  intestine  and  even  at  times  in  the  faeces. 

The  pancreatic  juice,  as  we  have  seen,  emulsifies  fats,  and  also 
splits  them  into  their  respective  fatty  acids  and  glycerine.  The 
fatty  acids  thus  set  f-^ee  become  converted  by  means  of  the  alka- 
line contents  of  the  intestine  into  soaps;  but  to  what  extent 
saponification  thus  lakes  place  is  not  exactly  known.  Undoubt- 
edly soaps  have  to  a  small  extent  been  found  both  in  portal  blood 
and  in  the  thoracic  duct  after  a  raeai ;  but  there  is  no  proof  thar 

«  H^um.  SUmngsherkhU,  XUU  p.  307. 

*  Loinitzer.  Henle  and  MeU>siier's  Btrieht^  1864,  p.  250. 
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amylargc  quantity  of  fat  is  introduced  in  this  form  into  the  circula- 
tion. On  the  other  hand,  the  presence  of  neutral  fats,  both  in 
rtal  blood,  and  especially  in  the  lacteals,  is  a  conspicuous  result 
the  digestion  of  fatty  matters  ;  and  in  all  probabihty  saponifica- 
n  in  the  intestine  is  a  subsidiary  process,  intended  rather  to 
cilitate  the  emulsion  of  neutral  fats  than  to  introduce  soaps  as 
ch  into  the  blood  For  the  presence  of  soluble  soaps  favours 
the  emulsion  of  neutral  fats.  Thus  a  rancid  fat,  i.e.  a  fat  con- 
taining a  certain  amount  of  free  fatty  acid,  forms  an  emulsion 
with  an  alkaline  fluid  more  readily  than  a  neutral  fat.  A  drop  of 
cid  oil  let  fall  on  the  surface  of  an  alkaline  fluid,  such  as  a 
lution  of  sodium  carbonate  of  suitable  strength,  rapidly  forms  a 
road  ring  of  emulsion,  and  that  even  without  the  least  agitation. 
As  saponification  takes  place  at  the  junction  of  the  oil  an<i  alka- 
line fluid  currents  are  set  up,  by  which  globules  of  oil  are  detached 
from  the  main  drop  and  driven  out  in  a  centrifugal  direction.  The 
intensity  of  the  currents  and  the  consequent  amount  of  emulsion 
depend  on  the  concentration  of  the  alkaline  medium  and  on  the 
solubility  of  the  soaps  which  are  formed  ;  hence  some  fats  such  as 
cod-liver  oil  are  much  more  easily  emulsionized  in  this  way  than 
others.  Now  the  bile  and  pancrearic  juice  supply  just  such  con- 
ditions as  the  above  for  emulsionizing  fats  ;  they  both  together 
SLfford  an  alkaline  medium,  the  pancreatic  juice  supplies  an  ade- 
quate amount  of  free  fatty  acid,  and  the  bile  renders  duly  soluble 
the  soaps  thus  formed.  So  that  we  may  speak  of  the  emulsion  of 
fats  in  the  small  intestine  as  being  carried  on  by  both  bile  and 
creatic  juice  ' ;  and  as  a  matter  of  fact  the  bile  and  pancrearic 
ice  do  largely  emulsify  the  contents  of  the  small  intestine,  so  that 
the  grcy-ish  turbid  chyme  is  changed  into  a  creamy-looking  fluid, 
which  has  been  sometimes  called  chyle.  It  is  advisable  however 
to  reserve  this  name  for  the  contents  of  the  lacteals. 

This  mutual  help  of  bile  and  pancreatic  juice  in  producing  an 
ulsion,  explains  to  a  certain  extent  the  controversy  which  long 
isted  between  those  who  maintained  that  the  bile  and  those  who 
maintained  that  the  pancreatic  juice  was  necessary  for  the  diges 
tion  and  absorption  of  fatty  food.  That  the  pancreatic  juice  does 
produce  in  the  intestine  such  a  change  as  favours  the  transference 
of  neutral  fats  from  the  intestine  into  the  lacteals,  is  shewn  by  the 
fact  that  in  diseases  affecting  the  pancreas,  much  fatty  food  fre- 
quently passes  through  the  intestine  undigested,  and  great  wasting 


•  Cf.  Bruckc.  ffiVw.  SittungsherUht^  Btl.  6l  (1S70),  p.  362  ;  Slciner,  Areki^ 
Anat.   M.    Phfiiol,    1874,   p.  286;  Gad,   ibid.,  1S78,    p.    181  |    Quincke; 
'tArcAiv,  XIX.  (1879),  p.  129. 


ensues.  On  the  other  hand,  that  the  bile  is  of  use  in  the  digestion 
of  fat  is  shewn  by  the  prevalence  of  fatty  stools  in  cases  of  obstruc- 
tion of  the  bile-ducts  ;  and  though  the  operation  of  ligaturing  the 
bile-ducts,  and  leading  all  the  bile  externally  through  a  biliary 
fistula,  is  open  to  objection,  since  it  so  exhausts  the  animal  as  in- 
directly to  affect  tligestton,  still  the  results  of  Bidder  and  Schmidt, 
in  which  the  resorption  of  fat  was  distinctly  lessened  (the  quantity 
of  fat  in  the  lacteals  falling  from  3*2  to  •02  p*  c.)  by  the  ligature 
and  fistula,  obviously  point  to  the  same  conclusion*  Thus  while 
the  view  that  the  bile  alone,  or  the  view  that  the  pancreatic  juice 
alone,  is  the  agent  in  the  digestion  of  fat,  is  contradicted  by  facts, 
the  conflicting  experiments  are  reconciled  in  the  conclusion  that 
both  help  towards  the  same  end ;  a  conclusion  which  is  in  harmony 
with  the  properties  of  the  juices,  as  seen  when  studied  out  of  the 
body,  and  which  is  supported  by  the  observation  of  Busch,  in  a 
case  where  the  duodenum  opened  on  the  surface  by  a  fistula  in 
such  a  way  that  the  lower  part  of  the  intestine  could  be  kept  free 
fi-om  the  contents  of  the  upper  part  contaitting  the  bile  and  pan- 
creatic juice.  Fats  introduced  into  the  lower  part,  where  they 
could  not  be  acted  upon  either  by  the  bile  or  by  the  pancreatic 
juice,  were  but  slightly  digested.  Thesuccus  entericus  may  have 
a  slight  emulsifying  fjower,  but  one  wholly  insufficient  to  meet  the 
needs  of  the  economy. 

We  have  seen  that  bile,  when  added  to  a  digesting  mixture, 
first  precipitates  and  then  re-dissolves  the  parapeptone  and  pep- 
tone, the  pepsin  being  carried  down  with  them.  The  object  of 
this  precipitation  is  probably  to  render  inert  the  pepsin  and  thus 
prevent  it  from  impairing  the  pancreatic  trypsin,  as  well  as  perhaps 
to  hinder  the  too  rapid  passage  of  the  semi-digested  liquids  along 
the  intestine.  The  granular  material  which  is  found  lining  the 
duodenum  is  possibly  the  result  of  such  a  precipitation*  W^c  have 
seen  that  bile,  while  it  slops  gastric  digestion,  favours  rather  than 
hinders  the  pancreatic  digestion  of  proteids.  As  a  matter  of  fact, 
since  the  contents  of  the  stomach  as  they  issue  from  the  pylorus 
consist  very  largely  of  undigested  proteids,  these  must  be  digested 
by  the  pancreatic  juice  (with  or  without  the  assistance  of  the  succus 
entericus),  since  the  pepsin  of  the  gastric  juice  is  either  precipi- 
tated by  the  bile,  or  rendered  inert  by  the  increasing  alkalinity  of 
the  intestinal  contents. .  To  what  stage  the  pancreatic  digestion  is 
carried,  whether  peptone  is  chiefly  formed,  and  when  formed  at 
once  absorbed,  or  to  what  extent  the  pancreatic  juice  in  the  body, 
as  out  of  the  body,  carries  on  its  work  in  the  more  destructive 
form,  whereby  the  proteid  material  subjected  to  it  is  broken  down 
largely  into  leucin  and  tyrosin,  is  at  present  not  exactly  known. 
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Leticin  and  hnrosin  arc  found  in  the  intestinal  contents,  and  are 
crcforc  formed  during  normal  digestion,  but  whether  a  large 
ntily  or  a  small  quantity  of  the  proteid  material  of  food  is  thus 
umcd  inioacr)'stalline  form  cannot  be  definitely  stated.  Possibly 
whtre  hr^iC  quantities  of  proteids  are  taken  at  a  meal,  the  excess 
is  at  ont  c  ^ot  rid  of  by  this  form  of  so-called  '  luxus  consumption  ;  * 
^nd  pit^siitlv  also,  m  the  intestine  as  in  tiie  laboratory,  this  pati- 
n  of  proteids  m  excess  is  accompanied  by  a  con- 
Inpment  of  bacteria  and  other  organized  bodies, 
which  create  trouble  Uy  inducing  fermentative  changes  m  the 
companying  saccharine  constituents  of  the  chyme. 


That   fermentative   changes   do   occur   in    the   small   intestine    is 

indicated  by  the  fan  ih.it   the  gas  present  there  does  contain  free 

hydrogen.     Planer*  found  the  gas  from  the  sm:ill  intestine  of  a  dog 

fed  on  a  meat  diet  to  consist  of  LO^  40*1,  H  13*86,  N  45*52,  with  only 

A  trace  of  ox>gcn.     In  a  tTog  fed  on  vegetable  diet  the  composition  of 

the  ^s  was  CU^  47*54,  H  4869,  N  3  97.     Chyme  after  removal  from 

the  mtestinc  continues  at  the  temperature  of  the  body  to  produce 

carbonic  acid  nnd  hydrogen  in  equal  volumci.     As  was  stated  above 

(p.  246),  during  buC)ric  acid  fermentation  from  sugar,  carbonic  acid 

and  hydrogen  are  evolved  in  equal  volumes.     These  ficts  suggest  the 

w;iy   in  which  the  carbo-hydrate  constituents   of  food    may  become 

c«'*nveftcd  into  fat,  for  by  this  butyric  acid  funiuntation  the  sugar  is 

converted  into  a  member  of  the  fatty  acid  series  ;  and  it  is  at  least 

ir»thin  the  bounds  of  possibility  that,  by  fernienuitive  changes  of  some 

ft  or  other,  the  lower  members  of  the  series  may  be  raised  to  the 

igher.      But   did   butyric   acid   fermentations  occur   largely    in   the 

destine,  we  should  expect  to  find  a  large  quantity  of  free  hydrogen 

charged  from  the  system  by  the  bowel  or  lungs.     As  a  matter  of 

it    U   discharged   in    small   quiniities   only.     Hence,  unless  we 

ppose  that  the  nascent  hydrogen  is  used  up  in  som«  contemporaneous 

esses  of  reduction,  we  must  regard  butyTtc  acid  fermentation  as 

igbt  and  unimportant.     Indeed  the  quantity  of  gas  on  which  Planer 

rked   was   small.     It  is   probable   however  that    by   fermentative 

ngcs  a  considerable  quantity  of  sugar  is  converted  into  lactic  acid, 

ncc  this  acid  is  found  in  increasing  quantities  as  the  food  de  tcends 

the  intestine. 

Thus  during  its  transit  through  the  small  intestine,  by  the 
:tion  of  the  bile  and  pancreatic  juice  assisted  possibly  to  some 
extent  by  the  succus  entericus,  the  proteids  are  largely  dissolved 
and  converted  into  peptone  and  other  products,  the  starch  is 
changed  into  sugar,  the  sugar  possibly  being  in  part  further  con- 
verted into  lactic  acid,  and  the  fats  are  laigely  emulsified,  and^to 


some  extent  saponified.  These  products,  as  they  are  fonned,  pass 
into  either  the  lactcals  or  the  portal  blood-vessels,  so  that  the  con- 
tents of  the  small  intestine,  by  the  time  they  reach  the  ileo-caecal 
valve,  are  largely  but  by  no  means  wholly  deprived  of  their 
nutritious  constituents.  As  far  as  water  is  conceme*],  the  secretion 
into  the  small  intestine  is  about  equal  to  the  absorption  from  it,  so 
that  the  intestinal  contents  at  the  end  of  the  ileum,  though  much 
more  broken  up,  are  about  as  fluid  as  in  the  duodenum, 

In  the  large  intestine,  the  contents  become  once  more  dis- 
tinctly acid.  This,  however,  is  not  caused  by  any  acid  secretion 
from  the  mucous  membrane  ;  the  reaction  of  the  intestinal  walls  in 
the  large  as  iji  the  small  intestine  is  alkaline.  It  must  therefore 
arise  from  acid  fermentations  goin^  on  in  the  contents  themselves; 
as  indeed  is  shewn  by  the  composition  of  the  gases  which  make 
their  appearance  in  this  portion  of  the  alimentary  canaL  In  car- 
nivora  the  contents  of  the  caecum  are  said  to  be  alkaline ',  and 
naty  rally  the  amount  of  fermentation  will  depend  largely  on  the 
nature  of  the  food. 

Ruge'  found  the  gas  of  the  large  intestine,  collected  per  anum^  to 
have  the  following  composition  : 


Mixed  diet. 

Leguminous  diet 

M«at  diet 

CO,         40S4 

2105 

84s 

N             17-50 

1896 

6441 

CH4         1977 

5594 

2645 

H                  22-23 

503 

■69 

SHg  a  trace  only. 
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Of  the  particular  changes  which  take  place  in  the  large  intes- 
tine we  have  no  definite  knowledge  ;  but  it  is  exceedingly  probable 
that  in  the  voluminous  caecum  of  the  herbivora,  a  large  amount  of 
digestion  of  a  peculiar  kind  goes  on.  We  know  that  in  herbivora 
a  considerable  quantity  of  cellulose  disappears  in  passing  through 
the  canal,  and  even  in  man  some  is  probably  digested.  We  are 
driven  to  suppose  that  this  cellulose  digestion  is  carried  on  in  the 
large  intestine*  though  we  know  nothing  of  the  nature  of  the 
agency  by  which  it  is  effected.  The  other  digestive  changes  arc 
probably  of  a  fermentative  kind. 

Be  this  as  it  may,  whether  digestion,  properly  so  called,  is  all 
but  complete  at  the  ileo-ciecal  valvCj  or  whether  important  changes 
still  await  the  chyme  in  the  large  intestine^  the  chief  characteristic 
of  the  work  done  in  the  colon  is  absorption.     By  the  abstraction 

*  Bernard,  Liquides  t^  F  Orgamismt^ 
»  WitH.  SitsungsberUhit^  1 862,  p,  719, 
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of  all  the  soluble  coDstituents,  and  especially  by  the  withdrawal  of 
water,  the  liquid  cliyme  becomes  as  it  approaches  the  rectum  con- 
verted into  the  firm  solid  faeces^  and  the  colour  shifts  from  the  l>right 
oran^'C,  which  the  grey  chyme  gradually  assumes  after  admixtuie 
with  bile,  into  a  darker  and  dirtier  brown. 


in« 


In  the  faeces  there  are  found  in  the  first  place  the  indigestible 
and  undigested  constituents  of  the  meal  :  shreds  of  elastic  tissue, 
hairs  and  other  corneous  elements,  much  cellulose  and  chlorophyll 
from  vegetable,  and  some  connective  tissue  from  animal  food,  frag- 
ments of  disintegrated  muscular  fibre,  fat-cells,  and  not  unfrc- 
quently  imdigesicd  starch-corpuscles.  The  amount  of  each  must 
of  course  vary  very  largely,  according  to  the  nature  of  the  food, 
and  the  digestive  powers,  teiiijjorary  or  permanent,  of  the  indivi- 
dual. In  the  second  place,  to  these  must  be  added  substances, 
not  introduced  as  food,  but  arising  as  part  of,  or  as  pro<Jucts  of, 
the  digestive  secretions.  The  faeces  contain  a  ferment  similar  to 
pepsin,  and  an  amylolytic  ferment  simibr  to  that  of  saliva  or  pan- 
creatic juice.  They  also  contain  mucus  in  varialile  amount, 
sometimes  albumin,  cholesterin,  hydrobilinibin,  butyric  and  other 
fatty  acids,  lime  and  magnesia  soaps,  excrdin  (a  non-nitrogenous 
crystallme  body,  containing  sulphur,  obtained  by  Marcet),  and 
salts,  especially  those  of  magnesia.  Cholalic  acid  (and  dyslysin) 
are  found  in  very  small  quantities  only,  thus  indicating  that  the 
bile-salts  have  been  in  part  at  least  destroyed  (they  may  have  been 
in  part  reabsorbed,  see  p.  292),  the  less  stable  taurocholic  acid  (of 
the  dog)  disappearing  more  readily  than  the  glycochoUc  acid  (of 
the  cow).  The  fact  that  the  fseces  become  *  clay-coloured  *  when 
the  bile  is  cut  ofif  from  the  intestine  shews  that  the  bile-pigment  is 
least  the  mother  of  the  faecal  pigment ;  and  the  special  pigment, 
ich  has  been  isolated  and  called  stercobilin,'  is  said  to  be 
Identical  with  urobilin,  i.e.  with  hydrobilirubin.  We  have  already 
seen  that  during  artificial  pancreatic  digestion,  a  distinctly  fiiecal 
odour  due  to  the  presence  of  indol  is  generated  ]  and  the  fact  that 
the  presence  of  bacteria,  or  other  similar  organisms,  is  essential  to 
the  production  of  this  body,  does  not  preclude  the  possibility  of 
it,  with  its  derivatives,  being  the  chief  cause  of  the  natural  odour 
of  freces,  for  undoubtedly  bacteria  may  exist  throughout  the  whole 
length  of  the  intestinal  canal  At  the  same  time  it  is  quite  possible, 
if  not  probable,    that    specific    odoriferous   substances    may  be 


'  VaaUir  and  MAsius,  CmirbL  /.  mtd.    WUs^  187X,  Nck  24.    Jaflc,  »Att/.» 
If  a  St. 
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secreted  directly  from  the  intestinal  wall,  especially  from  that  of 
the  large  intestine. 

Bricger '  finds  in  human  excrement  a  small  quantiw  only  of  indol, 
but  a  considerable  quantity  of  a  similar  body  which  he  calls  ikatcl^ 
possessing  an  intense  faecal  odour. 


Sec  s.    Absorption  of  the  Products  of  Digbstion. 


• 


We  have  seen  that  absorption  does,  or  at  least  may,  take  place 
from  the  stomach.  We  have  also  stated  that  a  large  absorption, 
especially  of  water,  occurs  along  the  whole  large  intestine. 

Absorption  from  the  large  intestine  after  injection  per  anum  or 
through  a  fistula  has  been  observed  not  only  in  the  case  of  soluble 
peptone  and  suj^ar,  but  also  in  that  of  starch,  white  of  egg,  and  casein  ; 
but  the  exact  changes  undergone  by  the  biter  previous  to  absorption 
are  unknown". 

Nevertheless  the  largest  and  most  important  part  of  the  digested 
material  passes  away  from  the  canal^  during  the  transit  of  food 
along  the  small  intestine,  partly  into  the  lacteals,  jmitly  into  the 
portal  vessels. 

Digestion  being,  broadly  speaking,  the  conversion  of  non- 
diffusible  proteids  and  starch  into  highly  ditTusible  peptone  and 
sugar,  and  the  emulsifying,  or  division  into  minute  particles,  of 
various  fats,  it  is  natural  to  suppose  that  the  diffusible  peptone  and 
sugar  pass  by  osmosis  into  the  blood-vessels,  and  that  the  emulsified 
fats  pass  into  the  lacteals.  That  a  large  part  of  the  fat  which  enters 
the  body  from  the  intestine  does  pass  through  the  lacteals,  there 
can  be  no  doubt  ;  and  there  can  be  but  little  doubt  that  a  con- 
siderable quantity  of  peptone  and  sugar  does  pass  into  the  portal 
blood.  But  we  are  unable  to  say  at  present  how  far  the  fat  in  its 
difficult  passage  into  the  lacteal  is  accompanied  by  soluble  peptone 
or  by  less  diffusible  fonns  of  proieids  arising  as  subsidiary  products 
of  proteolytic  digestion  or  by  carbohydrate  products. 

Characters  of  Chyle.  In  a  fasting  animal  the  contents  of 
tl>e  t^horacic  duct  are  clear  and  transparent ;  shortly  after  a  meal 

'  BiT,  dtutuA.  Chem,  Gudhch,  x.  (1877),  p.  1027. 
■  Bftucr,  ZeiistSfi.  f  Bi&l^  v.  556. 
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they  become  milky  and  opaque,  the  change  being  entirely  due  to  a 
difference  in  the  quantity  of  the  fluid  brought  to  the  duct  by  the 
iacteals,  that  fluid  also  being,  as  seen  by  inspection  of  the  mesen- 
tery, transparent  during  fasting,  and  becoming  milky  and  opaque 
after  a  meal,  especially  after  one  containing  much  fat.  The  con- 
tents of  the  thoracic  duct  therefore  after  a  meal  may  be  taken  as 
illustrative  of  the  nature  of  the  chyle  present  in  the  lacteals,  though 
strictly  speaking  the  chyle  of  the  thoracic  duct  is  mixed  with 
Jymph  coming  from  the  intestines  and  from  the  rest  of  the  body, 
Dunng  fasting  the  contents  ot  the  lacteals  agree  in  their  general 
character  with  lymph  obtained  from  other  structures. 

The  contents  of  the  thoracic  duct  may  be  obtained  by  laying  bare 
the  junction  of  the  subclavian  and  Jugular  veins  and  intrucluctng  a 
'  cannula  into  the  duct  as  it  enters  into  the  venoos  system  at  that  point. 
^      The  operation  is  not  unattended  with  difficulties. 

Chyle  obtained  from  the  thoracic  duct,  after  a  meal,  is  a  white 
milky- looking  fluid,  winch  after  its  escape  coagulates,  forming  a  not 
very  firm  clot.  The  nature  of  the  coagiilation  seems  to  be  exacdy 
the  same  as  that  of  blood.  Tlie  surface  of  the  clot  after  exposure 
to  air  becomes  pink,  even  though  no  blood  be  artificially  mixed 
with  the  chyle  during  the  operation  ;  the  colour  is  due  to  immature 
red  corpuscles  projier  to  the  chyle*  Examined  microscopically, 
the  coagulated  chyle  consists  of  fibrin,  a  large  number  of  white 
corpuscles,  a  small  number  of  developing  red  coqiuscles,  an 
abundance  of  oil-globules  of  various  sizes  but  all  small,  and  a 
quantity  of  fatty  granules,  too  minute  to  be  recognised  under  the 
microscope  as  fatly  in  nature,  forming  the  so-called  *  molecular 
biMs.'  Each  oil  globule  is  m  vested  with  an  albuminous  envelope ; 
tins  may  be  dissolved  by  the  aid  of  alkalis,  whereupon  the  globules 

m  together.  The  hbrin  and  white  corpuscles  are  very  scanty 
td  the  red  corpuscles  entirely  absent)  in  lymph,  or  chyle  taken 

>m  peripheral   vessels ;    but    they  increase  in  quantity  as  the 

rmph  passes  through  the  lymphatic  glands. 


The  composition  of  chyle  varies  considerably  not  only  in 
ifferent  animals  but  in  the  same  animal  at  different  times.  The 
Average  percentage  of  solids  may  perhaps  be  put  down  as  about 
9,  that  cf  proteid  material  as  about  4  or  5,  and  that  of  fat  as 
about  3  or  4,  the  remainder  being  extractives  and  salts.  The  fats 
oecor  chiefly  in  the  form  of  neutral  fats,  though  some  soaps  or 
acids  are  present. 
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The  percentages  of  solid  matters  vary  in  the  diflferenl  analyses 
from  3  to  i  r^^  of  proteids  from  2  to  7,  of  fats  from  less  than  l  to  4  '  ; 
but  Zawil>ki  '^  finds  that  in  dogs  alter  a  meal  rich  in  tat,  the  pefccnla^c 
of  fat  in  the  chyle  may  vary  from  146  to  025.  The  proteids  consist 
chieJly  of  serura-albufnin,  with  a  globulin  or  alkali-albumin  precipitable 
by  acidSj  and  a  variable  but  small  qviantity  of  rtbrin.  Among  the  ex- 
tractives have  been  found  sugar,  urea,  and  leucin  ;  cholestcrin  is  i!.lso 
frequently  prcient  in  considerable  quantity.  Since  these  exiiaciives 
are  found  in  lymph  as  well  as  chyle  they  cannot  be  regarded  as  derived 
exL-lusively  from  the  intestinal  contents.  The  amount  of  i>cptone  is 
very  small  indeed.  The  gas  which  can  be  extracted  from  chyle  or 
lymph  consists  almost  entirely  of  carbonic  acid,  there  being  only  a 
small  quantity  of  nitrogen,  and  no  satisfactory  evidence  of  the  presence 
of  any  free  oxygen  at  ah.  Hammarsten  ^  obtained  from  the  loo  vols, 
of  lymph  of  t^ic  dog  about  1*5  (rty)''  vols,  nitrogen,  and  about  53 
(40'36)  vols,  carbrmic  acid.  The  ash  is  remarkable  for  the  abundance 
of  sodium  chloride  and  the  scantiness  of  phu-phates.  Iron  is  present 
in  greater  quantity  than  can  be  accounted  for  by  the  presence  of  red 
corpuscles. 

The  nature  of  the  fat  is  supposed  to  -vary  with  that  of  the 
food,  but  this  has  not  been  conclusively  shewn. 

The  lymph  taken  from  the  duct  during  fasting  differs  chiefly 
from  that  taken  after  a  meal,  in  the  much  smaller  quantity  of  fat, 
the  microscope  shewing  white  corpuscles  with  very  few  oil-globules, 
and  in  the  almo?>t  entire  absence  of  the  molecular  basis.  Lymph 
in  fact  is,  broadly  speaking,  blood  minus  its  red  corpuscles,  and 
chyle  is  lymph  plus  a  very  large  quantity  of  minutely  divided 
neutral  fat. 

It  has  been  calculated  that  a  quantity" equal  to  that  of  the 
whole  blood  may  pass  through  the  thoracic  duct  in  24  hours,  and 
of  this  it  is  supposed  that  about  half  comes  from  food  through  the 
lacteals  and  the  remainder  from  the  body  at  large;  but  these 
calculations  are  based  on  uncertain  data. 


Entrance  of  the  Chyle  into  the  Lacteals.  The  lacteal 
begins  as  a  club-shaped  (or  bifurcate)  lymphatic  space  lying  m  the 
centre  of  the  villus^  and  connected  with  the  smaller  lymphatic 
spaces  of  the  adenoid  tissue  around  it ;  it  opens  below  into  the 
submucous  lymphatic  plexus  from  which  the  lacteal  vessels  spring. 

*  Cf.  Hcnsen,  Pfluger's  Archiv,  x,  (1874),  p.  94. 

*  Ludwi;^'5  Jrheittn,  1876,  p.  147. 
^  Liidvv!g['s  ArbetUn.,  iSyr,  p.  121. 

*  The  larger  figures  are  the  nieasuremcnte  obtained  at  oPC.  and  a  pressure  of 
760  mm,  mercury,  the  smaller  figures  in  bracket*  the  measurctncnta  according  to 
ibc  prevalent  German  method  %\.vPQ,  and  I  metre  of  mercury  pressttre. 
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»e  adenoid  tissue  of  the  surrounrling  crypts  of  Liobcrkuhn  is  by 
lymphatic  sp.ices  connected  ^vith  the  same  lymphatic  plexus. 
That  the  finely-divided  fat  does  y)ass  from  the  intestine,  through 
the  epithelial  envelope  uf  the  villus,  into  the  adenoid  tissue,  »ind 
so  into  the  hictcal  chamber,  is  certain,  bat  much  diiicussion  has 
arisen  as  to  the  exact  mechanism  of  the  transit.  The  passa^^e  is 
probably  assisted  by  the  movements  of  the  intestine,  though  even 
in  the  contractions  of  strong  peristaltic  movements  the  pressure 
within  the  intestine  is  never  very  great.  Of  more  obvious  use  is 
the  contraction  of  the  villus  itself.  The  longitudinal  muscular 
fibre-cells,  in  cunlraciini;,  pull  down  the  villus  on  itself;  ilic 
contents  of  the  lacteal  chamber  arj  thus  forceii  into  the  under* 
lying  lymphatic  plexus.  When  the  fibre-cells  reUix,  the  empty 
lacteal  chamber  is  expanded  ;  the  chyle  cannot  flow  back  from 
the  lymphatic  channels  by  rjason  of  the  valves  p  csent  in  them, 
and  in  consequence  the  Lieteal  chamber  is  filled  from  the 
substance  of  the  villus  aiul  thus  the  entrance  into  tlie  villus  of 
material  from  the  intestin  i  is  facilitated.  The  villus  in  fact  acts  ajs 
a  kind  of  muscular  suclion-pump. 

Menmowicz  ■  finds  the  flow  of  lymph  increased  by  muscarin  poison- 
ig,anil  atiribulcs  the  increase  of  llow  to  the  coincident  increase  of  the 
rrisultic  movements  of  the  intestine. 

After  a  meal  the  epithelium  cells  of  the  villus  are  found  crowded 
rith  fat.  Since  the  striation  of  the  hyaline  border  of  the  cells  ts  not 
to  poresy  as  was  once  thought,  the  particles  must  have  entered  into 
cells  very  mucl^as  foreign  particles  enter  the  body  of  an  amteha. 
The  epithelium  may  in  t:ict  be  said  to  eat  the  fat.  Since  the  (frequently) 
Loched  aud  protoplasmic  base  of  tlie  cell  is  in  inliniale  connexion 
the  spates  of  the  adenoid  tissue  of  the  villus,  the  fat  coul  1  more 
idily  pa'.s  from  the  cell  in  this  direction  than  from  the  intestine  into 
le  cell.  There  vrould  thus  be  a  stream  of  fatty  pirticles  through  the 
ccU  from  without  mwards,  a  stream  in  the  causation  of  which  the  cell 
»k  an  active  part.  In  fact,  under  this  view,  absorption  by  the  cell 
light  be  regarded  as  a  sort  of  inverted  secretion,  the  cell  talking  much 
itcrial  from  the  chyme  and  secreting  it,  with  little  or  no  chanj^c,  into 
villus.  The  ob-.ervations  of  Watney'  have  led  him  to  believe  that 
f  .t  passes  not  throu^^h  but  between  the  epiihelium-cells,  bein^j  t  iken 
by  the  mter-cpithchum  processes  of  the  peculiar  epithcloid--clU, 
•rtbcd  by  him  as  forming  a  continuous  protoplasmic  reticulum,  the 
trpitheiium-cells  themselves  therefore  hnving  no  active  share  m  absorp* 
UOa,  It  i|  difficult  on  this  view  however  to  explain  the  almost  iinatu- 
inous  opinion  of  previous  observers*  that  the  fat  may  be  seen  in  the 
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substance  of  the  cell  itself,  though  Watne)r  argues  that  particles  of  &t 
adhering  to  the  outside  of  the  ceil  have  been  erroneoasljr  supposed  to 

be  really  within  the  cells. 

Movements  of  the  Chyle.  Having  reached  the  lym- 
phatic channels  the  onward  progress  of  the  chyle  is  determined 
by  a  variety  of  circumstances.  Putting  aside  the  pumping  actioa 
of  the  villi,  the  same  events  which  cause  the  movement  of  the 
lymph  generally  also  further  the  flow  of  the  chyle  ;  and  these  are 
briefly  as  follows.  In  the  first  place,  the  wide-spread  presence  of 
valves  in  the  lymphatic  vessels  causes  every  pressure  exerted  on 
the  tissues  in  which  they  lie,  to  assist  in  the  propulsion  forward  of 
the  lymph.  Hence  all  muscular  movements  increase  the  flow. 
If  a  cannula  be  inserted  in  one  of  the  larger  lymphatic  trunks  ofj 
the  limb  of  a  dog,  the  discharge  of  lymph  from  the  cannula  will 
be  more  distinctly  increased  hy  movements,  even  passive  move- 
ments, of  the  Hmb  than  by  anything  else.  In  addition  to  the 
valves  along  the  course  of  the  vessels,  the  embfjuchemcnt  of  the 
thoracic  duct  into  the  venous  system  is  guarded  by  a  valve,  so  that 
every  escape  of  lymph  or  chyle  from  the  duct  into  the  veins 
becomes  itself  a  help  to  the  flow.  In  the  second  place,  consider- 
ing the  whole  lymphatic  system  as  a  set  of  branching  tubes 
passing  from  the  extra  vascular  regions  just  outside  the  small 
arteries,  veins  and  capillaries,  to  the  large  venous  trmiks,  it  i« 
obvious  that  the  mean  pressure  of  the  blood  in  the  subcia 
vein,  at  its  junction  with  the  jugular,  must  be  considerably  I 
than  that  of  the  lymph  in  the  lymphatic  spaces  around  the  smal 
blood-vessels,  even  though  the  pressure  in  the  tissues  outside  die 
small  blood*vessels  is  distinctly  less  than  that  of  the  blood  within 
the  same  vessels.  In  other  words*  there  is  a  distinct  fall  of 
pressure  in  passing  from  the  beginning  to  the  end  of  the 
lymphatics ;  this  of  course  would  alone  cause  a  continuous  fiow. 
Further,  this  flow,  caused  by  the  lowness  of  the  mean  venous 
pressure  at  the  subclavian,  will  be  assisted  at  every  respu^ioiy 
movement,  since  at  every  inspiration  the  pressure  in  the  venous 
trunks  becomes  negative,  and  thus  lymi^h  will  be  sucked  in  fium 
the  thoracic  duct,  while  the  increase  of  pressure  in  the  great  vtins 
during  expiration  is  warded  off  from  the  <luct  by  the  valve  at  its 
opening.  In  the  third  place,  the  flow  may  be  increased  by  rhylli- 
mical  contractions  of  the  muscular  walls  of  tlie  lymphatics  them* 
selves ;  but  this  is  doubtful,  since  it  is  not  clear  whether  the 
rhythmic   variations   seen   by   Heller'   in   the   mesentery   of  the 
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guinea-pig  were  active  or  simply  passive,  i,e,  caused  by  the 
rhythmic  peristaltic  action  of  the  intestine,  each  contraction  of  the 
intestine  filling  the  lymph  channels  more  fully.  Lastly,  it  is  quite 
open  for  us  to  suppose  that  just  as  osmosis  may  give  rise  to 
increased  pressure  on  one  side  of  a  diffusion  septum,  so  the 
diffusion  of  substances  from  the  intestines  into  the  lacteals,  or 
from  the  tissues  into  the  lymphatics,  may  be  itself  one  of  the 
causes  of  the  flow  of  lymph.  We  have  at  least,  under  all 
circumstances,  one  or  other  of  these  causes  at  work  promoting  a 
i  continual  flow  from  the  lymphatic  roots  to  the  great  veins*  We 
I  have  no  very  satisfactory  evidence  that  the  flow  of  lymph  is  in  any 
^way  directly  governed  by  the  nervous  system. 

^^V    In  frogs  and  some   other  animals  the  centripetal  flow  of  lymph 
^^■om  the  limbs  is  assisted  by  rhythmicatly  pulsating  muscuhir  lymph- 

The  observations  of  Paschutin  *  and  Emminghaus*  failed  to  shew 
any  direct  connection  between  the  nervous  system  and  the  lymph-flow. 
Section  of  the  sciatic,  leading  to  arterial  dilation  and  con  sequent  in- 
creased pressure  in  the  capilliries  and  small  veins,  had  very  little  effect^ 
whereas  ligature  of  the  veins  led  to  a  very  marked  increase.     Active 
movements  of  the  limb,  caused  by  stimulation  of  the  sciatic,  produced 
no  greater  flow  than  did  passive  movements.     Goltz  ^  has  recorded  an 
inieresiing  observation,  bearing  on  the  influence  of  the  nervous  system 
absorption.     Of  two  frogs  placed  under  the  influence  of  urari  so  as  to 
away  with  muscular  movements  and  the  action  of  the  lymph-hearts, 
c  brain  and  spinal  cord  of  one  are  destroyed,  but  in  the  other  are  left 
tact.     Both  animals  are  suspended  by  the  lower  jaw  ;    chloride  of 
ium  solution  {75*pcr  cent.)  is  poured  into  the  darsal  lymphatic  sacs 
both  ;  and  in  both  the  aorta  is  cut  across.     In  the  one  where  the 
aervous  system  is  intact,  absorption  from  the  lymphatic  sac  takes  place 
piously,  and  the  heart  pumps  out  large  quantities  of  fluid  by  the 
In  the  other,  absorption  does  not  occur ;  the  heart,  though 
atjng,  remains  empty,  and  the  skin  becomes  dry.     The  result  how- 
r  shcw5  rather  the  influence  of  the  nervous  system  in  maintaining 
tonicity  of  the  blood- vosds  and  keeping  up  the  connection  of  the 
:ut  with  the  peripheral  vessels,  than  any  distinct  connection  between 
rption  proper  and  the  nervous  system.     When  the  nervous  system 
destroyed,  dilation  of  the  splan'ihnic  vascular  area  causes  all  the 
'  to  remain  stagnant  in  the  portal  vessels,  so  that  little  or  none 
hes  the  heart,  and  with  the  enfeebled  circulation  the  absorption 
the  lymphatic  sac  is  slight.     So  long  as  the  nervous  system  is  still 
intact  this  stagnation  does  not  occur,  the  blood  reaches  the  he^rt,  and 
with  the  more  vigorous  circulation  absorption  from  the  lymphatic  sac 
on  rapidly.    As  the  blood  is  pumped  away  its  place  is  renewed  by 

Ladwig's  Arl**ittn,  1872,  p.  197.  •  Ibid.^  1873,  p,  SI, 
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ihe  lymph,  supplied  by  the  fluid  iq  the  sac,  and  thus  the  heart  may  be 
made  for  a  long  time  to  pump  away  the  fluid  poured  into  the  ^ac,  $<♦!!, 
though  we  canrtot  prove  any  direct  connection  between  the  nervous 
system  and  absorption,  the  phenomena  of  disease  renier  such 
a  connection  at  least  probable. 


The  count  taken  by  the  sevtrai  products  of  digesthn^ 

The  digested  contents  of  the  intestine  pass  into  the  blood 
either  directly  by  the  portal  system  or  indirectly  by  means  of  the 
lymphatics.  It  cannot  be  a  matter  of  indiflference  which  course 
is  taken  by  the  pariicular  digestive  products  ;  for  in  the  Litter  case, 
ihey  pass  into  the  general  blood-current  with  only  such  changes  as 
they  may  undt:rgo  in  the  lymphatic  system,  while  in  the  former 
they  are  subjected  to  the  powerful  influences  of  the  liver  before 
they  find  their  way  to  the  right  side  of  the  heart  What  those 
itifluences  are  we  shall  study  in  a  future  chapter. 

Fats.  As  we  have  seen,  a  special  mechanism  is  provided 
for  the  ))3ssage  of  fats  into  the  lacteals.  On  the  other  hand,  it 
is  difficult  to  suppose  that  solid  particles  of  fat  can  pass  into  the 
interior  of  the  blood  capillarieij.  So  that  we  are  led  J  priori  to 
the  view  that  the  whole  of  the  fat  takes  the  course  of  the  lacteals. 
But  we  cannot  say  that  this  is  definitely  proved.  On  the  contrary, 
a  deficit  is  observed  when  the  quantity  of  fat  dt«;appearing  after  a 
meal  from  the  alimentary  canal  is  compared  ^viih  that  flowing  into 
the  thoracic  duct  \  and  if  it  be  true,  as  is  stated,  that  the  blood  o( 
the  portal  vein  contains  during  digestion  more  fat  than  the  general 
venous  blood,  some  of  this  deficit  may  be  explained  by  the  fat 
passing  into  the  blood  capillaries,  difficult  as  that  passage  may 
appear.  The  portal  blood»  moreover,  during  digestion  contains  a 
small  but  appreciable  quantity  of  soaps, 

Zawilski '  finds  that  in  a  dog  after  a  meal  rich  in  fat  the  stream  of 
fat  from  the  thoracic  duct  into  the  venous  system  becomes  rapid  at 
about  the  second  hour,  but  does  not  reach  its  maximum  till  after  the 
fifth  hour.  This  it  maintains  till  about  the  twentieth  hour,  after  which 
it  sinks  till  about  the  thirtieth  hour,  at  which  time,  and  not  before,  has 
all  the  fat  of  the  food  disappeared  from  the  alimentary  canal.  In  dogs 
weighing  about  14  or  15  kilos,  and  fed  with  a  meal  containing  t5agnn. 
fat,  the  maximum  discharge  of  fat  from  the  thoracic  duct  into  the 
venous  system  was  about  100  mgmi.  a  minute.  When  the  total 
amount  of  fat  passing  through  the  thoracic  duct  was  compared  with 
the  total  amount  of  fat  which  had  disapp^ired  from  the  alimentary 
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il  was  fbuod  that  about  one-hnlf  of  the  fnt  could  not  be  thus 
lOeotiDted  for.  This  missing  quantity  could  not  be  considered  as  the 
portion  still  in  transitu  on  its  way  from  the  intestines  to  the  mouth  of 
the  thoracic  duct»  since  it  was  quite  as  marked  when  the  experiment 
WJU  earned  on  until  the  percenla]^e  of  fat  in  the  chyle  had  sunk  to 
its  lowest  limit.  Some  fat  therefore,  and  indeed  a  large  qu:mt.ity, 
must  have  cither  passed  into  the  portal  blood  or  have  been  removed 
from  the  l>'Tnphatic  vessels  on  its  course  between  the  villi  oi  the 
intestine  and  the  thoracic  duct,  or  have  been  dispoised  of  in  some 
other  unknown  way.  The  fat  thus  entering  the  blood  either  directly 
or  indirectly  is  rapidly  got  rid  of  in  some  way  or  other,  for  the  per- 
centage of  tat  in  the  bluod  of  a  dog  after  a  meal  rich  in  fat,  did  not, 
at  the  lapse  of  20  hours  from  the  swallowing  of  the  food,  differ  materi- 
ally whether  the  fat  had  been  during  the  whole  time  shut  off  from  the 
blood  by  being  allowed  to  tlow  out  of  a  cannula  placed  in  tbe  thoracic 
dact,  or  had  been  allowed  to  pass  into  the  venous  system  in  tbe 
usual  way. 

Proicids-  The  question  as  to  the  course  taken  by  the  digested 
proteids  is  complicated  by  the  insufficiency  of  our  knowledge 
concerning  the  exact  stages  to  which  the  digestion  of  proteids  is 
naturally  carried  in  the  alimentary  canal.  If  we  take  it  for  granted 
that  the  proteids  uken  as  food  are  reduced  at  least  to  the  condi- 
tion of  soluble  and  diffusible  peptone,  it  seems  easy  to  suppose 
that  the  proteids  of  food  pass  by  diffusion  as  peptone  into  the 
rnal  cai»inaries,  though  even  under  this  view  it  is  open  for  us  to 
lagine  that  all  the  peptone  which  passes  through  the  epithelium 
a  villus  is  not  intercepted  by  the  blood  lapillanes,  but  ihat 
>me  reaches  and  is  absorbed  by  the  more  centrally  placed  lacteal. 
On  the  other  hand,  while  it  is  difficult  to  imagine  how  proteids 
_can  pass  through  the  walls  of  the  capillaries  m  any  other  form 
that  of  diffisible  peptone^  the  normal  passage  of  the  natural 
ids  of  the  blood  being  exactly  m  the  opposite  direclron, 
from  the  interior  of  the  capillaries  into  the  extravascular  elements 
of  the  tissues,  still  il  is  open  lor  us  to  ask  the  qucsuon,  If  solid 
^articles  of  lat  can  pass  from  the  interior  of  the  alimentary  canal 
no  the  lacteals,  why  should  not  various  forms  of  proteids  pass 
the  same  way  into  the  lacieals,  either  in  solution  or  even  as 
partides  ? 

Bruckc'  observed  that  after  a  meal  of  milk,  the  contents  of  the 
lu«  after  death  were  loaded  with  a  granular  deposit  of  protcid  nature, 
d  of  .m  acid  reaction.  He  infers  from  this  that  together  with  the 
f*ii  Uiere  pisses  into  the  villus  a  qu^ntit>  of  the  proteid  material  of  food 
m  tbe  form  of  alkali-albumin,  prccipitable  by  weak  acids ;  and  argues 
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from  this  and  otiier  facts  that  a  considerable  quantity  of  the  proteids 
of  food  thus  obtains  entrance  into  the  blood  without  suflfering  the 
change  into  peptone. 

It  would  ihus  seem  possible  for  some  of  the  proteids  lo  past 
into  the  lacteals  and  so  into  the  system  in  a  less  digested  form 
than  peptone ;  and  it  is  further  ijossible  that  the  proteids  thus 
entering  into  the  system  in  different  forms  may  play  different  parts 
in  the  nutritive  Libuurs  of  the  economy. 

But  in  ail  these  considerations  the  fact  must  be  borne  in  mind 
that  the  intestinal  walls  undoubtedly  possess  a  selective  power  of 
absorption,  which  overrides  the  laws  of  diffusion  and  solubility. 
This  is  shewn  for  instance  by  the  results  of  Tappeiner  \  who 
found  that  the  fairly  soluble  and  tiiffusiblc  salts,  sodium  taurocho 
late  and  glycocholate^  were  not  absorbed  by  the  duodenum  axid 
upi^er  jejunum  even  at  a  time  when  fat  was  being  rapidly  absorbed 
in  those  regions,  but  did  disappear  in  the  ileum  or  lower  jejunuro, 
the  glycocholate  apparently  being  absorbed  by  both  the  ileum 
and  lower  jejunum,  while  the  taurocholate  passed  away  in  the 
ileum  alone. 

We  cannot  judge  therefore  of  the  course  taken  by  the  proteids, 
or  of  the  form  in  which  they  ;ire  absorbed,  by  deductions  based 
on  solubility  and  diffusion.  The  problems  we  are  discussing  can 
only  be  satisfactorily  settled  by  direct  experiment  And  here  we 
meet  with  difiiculiies.  If  all  proteids  are  convcrte<.l  into  peptone, 
and  so  pass  into  the  lacteals  or  into  the  blood  capillaries,  we 
might  expect  to  hnd  a  quantity  of  peptone  in  the  chyle  or  in 
portal  blood  or  in  both  after  a  proteid  meal  But  neither  in  the 
portal  blood,  nor  in  the  chyle,  nor  in  the  general  blood  during 
digestion,  is  there  any  appreciable  quantity  of  peptone*  Of  course 
the  quantity  of  peptone  passing  into  the  portal  blood-  at  any 
moment  might  be  small,  and  yet  a  considerable  quantity  might  so 
pass  during  the  hours  of  digestion.  We  may  suppose  moreover 
that  that  which  doe»  pass  is  immediately  converted,  possibly  by 
some  fermeni  action,  into  one  or  other  of  the  natural  proteids  of 
,the  blood,  or  otherwise  disposed  of;  and  Pldsz  and  Gyergyai* 
have  shewn  that  peptone  injected  carefully  into  a  vein  disappears 
from  the  blood,  though  little  or  even  none  passes  out  by  ihc 
kidney.  Hence  the  failure  to  find  peptone  in  the  blood  (and  the 
same  may  be  said  of  the  chyle)  does  not  disprove  the  view  which 
seems  to  follow  legitimately  from  the  results  of  artificial  digestion, 

•    m^M.  Sitiungjberickit^  Bd.  77,  Ap.  1 878. 
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that  proteid  food  is  converted  into  peptone  before  passing  from 
the  alimentary  canal  into  the  system  ;  and  we  know  that  artificially- 
formed  peptone  IS  available  for  nutriiion  ;  for  Pldsz'  and  Pldsz 
mnd  Gyergyai  *  found  that  dogs  fed  on  peptone  and  non-nitro- 
igCDOUS  food  actually  put  on  flesh  and  gained  weight  K 

On  the  oilier  hand,  that  the  protcids  pass  by  ihe  portal  blood 
(and  if  so  probably  in  the  form  of  peptone)  rs  inuicaled  by  the 
experiments  of  Schmidt-Mulhcim  *,  who  fmds  that  when  the  chyle 
is  entirely  prevented  from  entering  the  blood,  not  only  are  proteids 
absorbed,  but  that  they  are  so  metaboli/.ed  in  the  body  that  the 
qtiantit}'  of  nrea  which  in  consequence  makes  its  appearance  in 
e  urine  is  the  same  as  when  the  chyle  tlows  into  the  venous 
tern  as  usual.  Except  therefore  on  the  very  improbable  view 
that  proteids  absorbed  into  the  lacteals  of  the  villi  escape  from 
the  lymphatic  system  beCpre  they  reach  the  thoracic  duct,  we 
must  infer  that  they  are  absorbed  by  the  blood  capillaries. 


Sugar.  With  regard  to  the  path  taken  by  the  sugar,  the 
careful  inquiries  of  v,  MeringS  shew  that  the  percentage  of  sugar 
both  in  chyle  and  in  general  blood  is  fairly  constant,  being  to  no 
marked  extent  increased  by  even  amylaceous  meals ;  but  that  a 
meal  of  sugar  or  starch  does  temporarily  increase  the  quantity  of 
sugar  in  the  portal  blood.  From  this  we  may  infer  that  such 
portions  of  the  sugar  of  the  intestinal  contents  as  are  absorbedas 
sugar  pass  exclusively  by  the  portal  vein.  But  it  must  be  re* 
membered  that  at  present  we  have  no  accurate  information  as  to 
how  large  a  proportion  of  the  sugar  resulting  from  a  meal  passes 
in  this  way  unchanged  until  it  reaches  the  liver,  and  how  much 
undergoes  the  lactic  acid  or  analogous  fermentation.  Nor  do  we 
know  as  yet  how  much  of  the  starch  taken  as  food  is  removed 

►ra    the   alimentary   canal   in   the    form    not   of  sugar   but   of 

sxtrin. 

When  a  solution  of  sugar  is  injected  into  an  empty  isolated  loop  of 
itestine  a  large  quantity  disappears,  without  the  contents  of  the 
loop  becoming  aciti*.  In  such  a  case  it  may  fairly  be  inferred  that 
the  sugar  is  directly  absorbed  without  undergoing  any  change.  And 
where  sugar  is  introduced  in  large  quantities  into  uie  alimentary  canal, 
"le  percentage  of  sugtr  in  the  blood  may  be  temporarily  increased  ; 

such    an   extent  indeed  that  sugar  may  appear  in  the   urine'. 

*  PflOger's  ^rtJihf,  JX  (1S74),  325*  •  0/>,  «/. 
J  Cf.  Adamkiewicx,  Du  Aaiur  uttd  der  Nakrwerik  da  Pepltmu  1877, 

*  Ar.krvf,  AnaL  w.  rhystol  ^  1S77,  p.  549.  '  BiU.^  p.  379. 

*  Fanke,  l^hrlt.  6th  Aufl.  I.  p.  235. 
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But  neither  of  these  facts  prove  that  the  sugar  of  an  ordinary  mea!, 
passing  :is  it  does  along  the  intestine  with  the  other  portions  of  the 
food,  and  produ:ts  of  digestion,  and  appearing  as  it  does  in  mo^t 
cases  in  comparatively  small  quantities  at  a  time  owing  to  the  more  or 
less  gradual  conversion  of  the  starch  of  the  meal,  ii  similarly  absorbed 
tincbangcd ;  while  in  order  that  the  marked  acidity  of  the  contents  oi 
the  lower  intestine  should  be  kept  up.  a  considerable  quantity  of  sug»r 
must  suffer  lactic  acid  fermentation,  if  the  acidity  be  due  as  stated  to 
lactic  ^icid. 


a3^ 


To  sum  up,  the  evidence  is  distinctly  in  favour  of  the 
passing  largely  by  the  chyle,  and  of  the  proteids  and  sugar  p 
mg  largely  by  the  portal  vein ;  but  there  still  remains  much 
doubt  as  to  the  course  and  fate  of  a  not  inconsiderable  portion  of 
the  fat.  and  the  question  as  to  the  exact  form  in  which  proteids 
and  carbohydrates  leave  the  alimentary  cajial,  cannot  be  answered 
in  a  perfectly  definite  manner. 

Absorption  by  diffusion.  It  is  evident,  from  the  disc 
sion  just  concluded,  that  simjile  diffusion  is  far  from  explaini 
the  whole  transit  of  the  digeisted  food  from  the  intestine  into  th 
blood.  Nevertheless,  it  must  not  be  supposed  that  the  great  x 
general  property  of  diflfusion  does  not  make  itself  felt  in  the  p 
cess  of  absorption,  however  much  it  may,  in  the  case  of  vari 
substances,  be  subordinated  and  held  in  check  by  more  pot 
influences.  Thus  the  passage  of  water  from  thi;  alimentary  cavf 
into  the  blood,  or  from  the  blood  into  the  alimentary  canity, 
the  bcha\iour  of  various  inorganic  salts,  when  taken  as  food  or 
medicine,  illustrate  very  clearly  the  influence  of  osmosis.  When 
the  intestine  contains  a  large  quantity  of  watery  matter,  the 
surplus  water  passes  by  diffusion  into  the  blood,  just  as  it  |>asses 
through  the  membrane  of  a  dialyscr,  with  blood  or  serous  fluid  on 
the  one  side,  and  water  on  the  other.  When  an  albuminous  fl 
of  the  specific  gravity  of  blood-sernni  is  exposed  in  a  dialyser 
water,  about  200  parts  of  water  pass  through  the  membrane 
the  dialyser  from  the  water  into  the  albuminous  fluid  for  every 
one  part  of  albumin  which  passes  from  the  fluid  into  the  water. 
Moreover,  in  the  living  body,  the  blood  in  the  mesenteric 
capillary,  thus  diluted  by  diffusion  from  tlie  intestinal  contents,  is 
continually  being  replaced  by  fresh  blood  concentrated  by  its 
passage  through  the  skin,  lung,  or  kidney.  By  the  help  of  the 
ciiculation  an  almost  unlimited  quantity  of  water  can  be  absorbed 
from  the  alimentary  canal. 

It  is  a  matter  of  common  experience  that  such  inorganic  and 
organic  salts  as  are   readily  diffusibie,  pass  with  great  rapiditt 
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into  llie  blood  (and  thus  into  the  urine)  when  taken  by  the  mouth  ; 
and  the  rapidity  with  which  they  are  absorbed  is  in  large  measure 
proportionate  to  their  difFusibiHty*  Of  course,  coincident  with 
passage  of  the  salt  from  the  intestine  into  the  blood,  there  is 
JiTOportionate  current  of  water  in  the  contrary  direction  from 
the  blood  into  the  intestine  ;  but  this,  though  opposed  to,  is, 
under  ordinary  circumstances,  too  small  to  diminish  to  any  serious 
extent  the  passage  of  water  from  the  mtestine  into  the  blood,  of 
which  wc  spoke  just  now,  as  caused  by  the  osmotic  influence  of 
the  albuminous  constituents  of  the  blood.  But,  under  certain 
circumsLinces,  the  former  may  overcome  the  latter.  Thus,  when 
a  concentrated  solution  of  a  highly  ditfusiblc  sail,  such  as  mag- 
ncsium  sul|>hate.  is  introduced  into  the  alimentary  canal,  the  tlow 
of  water  from  the  blood  into  the  intestine  acrom[>anying  the 
osmotic  transit  of  the  salt  from  the  intestine  into  the  blood,  is  so 
great  as  largely  to  exceed  the  current  in  the  contrary  direction  ; 
and  the  intestine  becomes  filled  with  water  at  the  expense  of  the 
blood.  This  is  probably  ihe  cause  of  the  purgative  action  of 
large  doses  of  many  salme  matters.  And  even  the  purgative 
action  of  more  dilute  solunons  may  be  explained  in  the  same  way, 
since  in  the  case  of  some  salts  at  least  the  transit  of  water  as 
compared  with  the  transit  of  the  salt  is  relatively  more  rapid  with 
very  dilute  solutions  than  with  more  conceiuraied  solutions. 
Salts  such  as  these,  which,  when  introduced  into  the  intestine, 
produce  diarrhtea,  brmg  al>uut  a  contrary  condition  when  injected 
directly  into  the  blood  ;  ami  magnesium  sulphate,  with  its  higher 
endosmotic  equivalent^  is  more  purgative  in  its  action  than 
sodium  chloride  with  its  lower  equivalent 

Our  knowledge  of  the  phy^iotogy  of  digestion  is  the  accumulated 
g&in  of  many  labours,  some  dating  b.ick  Irani  very  old  times.  To 
Reaumur,  Spailanzani,  TicJcmann  and  Gmelin,  Elk-iIc  (*ho  tirsi  ob- 
liLined  artificial  digestion  with  gastric  mucus  and  an  acid),  Prout, 
Schwann  (who  first  introduced  tlic  idea  of  />^/>sm  ',  though  Wasmann 
first  obtained  it  in  a  comparatively  pure  siaiuj,  licrzehus  and  other 
cbemisis,  wc  owe  much.  The  observations  of  Dr.  licaumont*,  carried 
on  by  means  of  the  accidental  gastric  fistula  of  Alexis  St.  Martin,  not 
only  added  largely  10  our  positive  knowledge,  but  were  also  of  great 
indirect  use  as  indicating  a  method  of  mvestigution  which  has  since 
irovcd  so  fruitful.    The  labours  of  Bidder  and  Schmidt^  and  Frcrichs* 

MuUcr's  An  Ah',  1 836,  p.  90. 
•  /Crfij.  and  Obi.  on  the  Gajirk  Jukt  and  Fhyu  of  Digaiion     Jtoston.  U  S., 

>  IHt  VfrdauhM^ssa/tf,  &c„  1S52. 

«  Aft.  *  Vcrdtiuuiig.'  Vfxgnci'i  J/aMdw&rttrhuA,  tS^ 
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were  of  great  value.  The  publication  of  Bemard*s  work  on  pancreatic 
juice*  m irked  a  distinct  step  in  advance;  but  of  far  greater  impor- 
tance was  the  same  illustrious  physiologist's  discovery  of  the  vaso- 
motor  action  of  the  sj^mpathetic  (see  p,  223),  followed  up  as  that  was  by 
Ludwig's  demonstration*  of  the  secretor>'  activity  of  the  chorda  tym- 
pani,  and  enlarged,  as  this  has  been  in  turn,  as  well  by  the  labours  of 
LuJwig  a^id  his  school,  as  by  those  of  Bernard,  Eckhard,  VV'jttich, 
Heidcnhain  and  others.  To  the  importance  of  Heidenhain's  later 
observations  we  have  called  attention  in  the  text.  The  proofs  offered 
by  Corvisart^  and  amphliLd  by  Kiihne%  of  the  proteolytic  action  of  the 
pancreatic  juice  opened  out  a  line  of  inquiry  of  great  importance, 
which  is  as  yet  far  from  being  exhausted. 

•  Mim,  surl.  Pancreas^  1856. 

*  Zl.f.  rat,  Nfed,,  N.  V,  1.  p  255,  1S51. 
3  Sur  um  Fon'tion ptucQHHue  du  Pamnas,  1857. 
-•  Virchow's  Atxhivt  XXXIX.  (1867I.  pb  tjo. 
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THE  TISSUES  AND  MECHANISMS   OF   RESPIRATION. 


Wr  have  already  seen  (Intfodiiction,  p.  3)  that  one  particular  item 
of  the  body's  income,  viz,  oxygen,  is  peculiarly  associated  with  one 
particular  item  of  the  body's  waste,  viz.  carbonic  acid,  the  means 
which  are  applied  for  ihe  introduction  of  the  former  being  also 
use<i  for  the  getting  rid  of  the  latter.  Both  are  gases,  and  in  con- 
sequence  the  ingress  of  the  one  as  well  as  the  egress  of  the  other 
is  far  more  dependent  on  the  simple  physical  process  of  diffusion 
than  on  any  active  vital  processes  carried  on  by  means  of  tissues. 
€>]Qrgen  passes  from  the  air  into  the  blood  mainly  by  diffusion^ 
isnd  mainly  by  diffusion  also  from  the  blood  into  the  tissues ;  in 
the  same  way  carbonic  acid  passes  mainly  by  diffusion  from  the 
tissues  into  the  blood,  and  from  the  blood  into  the  air.  Whereas, 
as  we  have  seen,  in  the  secretion  of  the  digestive  juices  the 
epithelium-cell  plays  an  all-important  part,  in  respiration  the 
entrance  of  oxygen  from  the  lungs  into  the  blood,  and  from  the 
blood  into  the  tissue,  and  the  passage  of  carbonic  acid  in  the 
contrary  direction,  are  affected  if  at  all,  in  a  wholly  subordinate 
manner,  by  the  behaviour  of  the  pulmonary,  or  of  the  capillary 
epithelium.  What  we  have  to  deal  with  in  respiration  then  is  not  so 
much  the  vital  activities  of  any  particular  tissue,  as  the  various 
mechanisms  by  which  a  rapid  interchange  between  the  air  and  the 
blood  IS  effected,  the  means  by  which  the  blood  is  enabled  to  carry 
oxygen  and  carbonic  acid  to  and  from  the  tissues,  and  the  manner 
in  which  the  several  tissues  take  oxygen  from  and  give  carbonic 
acid  up  to  the  blood.  We  have  reasons  for  thinking  that  oxygen 
can  be  taken  into  the  blood,  not  only  from  the  lungs,  but  also  from 
the  skin,  and,  as  we  have  seen,  occasionally  from  the  alimentary 
canal  also  ;  and  carbonic  acid  certainly  passes  away  from  the  skin, 
and  through  the  various  secretions,  as  well  as  by  the  lungs.  Still 
the  lungs  are  so  eminently  the  channel  of  the  interchange  of  gases 
between  the  body  and  tlie  air,  that  in  dealing  at  the  present  wlt*\ 
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respiratioHj  wc  shall  confine  ourselves  entirely  to  pulmonary  re- 
spiration, leaving  the  consideration  of  the  subsidiary  respiratory 
processes  till  we  come  to  study  the  secretions  of  which  they 
respectively  form  part. 

Sec.  i»    The  Mechanics  of  Pulmonary  Respiration* 

The  lungs  are  placed,  in  a  semi-distended  state,  in  the  air-tight 
thorax,  the  cavity  of  which  they,  together  with  the  heart,  great 
blood-vessels  and  other  organs,  completely  fill.  By  the  contraction 
of  certain  muscles  the  cavity  of  the  thorax  is  enlarged ;  in  conse- 
quence tlie  pressure  of  the  air  within  ihe  lungs  becomes  less  than 
that  of  the  air  outside  the  body,  aud  this  difference  of  pressure 
causes  a  rush  of  air  through  the  trachea  into  the  lungs  until  an 
equilibrium  of  pressure  is  established  between  the  air  inside  and 
that  outside  the  lungs.  This  constitutes  inspiration.  Upon  the 
relaxation  of  the  inspiratory  muscles  (the  muscles  whose  contraction 
has  brought  about  the  thoracic  expansion),  the  elasticity  of  the 
chest-walls  and  lungs,  aided  perhaps  to  some  extent  by  the  con- 
traction of  certain  muscles,  causes  the  chest  to  return  to  its 
original  size ;  in  consequence  of  this  the  pressure  within  the  lungs 
now  becomes  greater  than  that  outside,  and  thus  air  rushes  out  of 
the  trachea  until  equilibrium  is  once  more  established.  This  con- 
stitutes expiration  ;  the  inspiratory  and  expiratory  act  together 
forming  a  respiration.  The  fresh  air  introduced  into  the  upper 
part  of  the  pulmonary  passages  by  the  inspiratory  iDOveraent  con- 
tains more  oxygen  and  less  carbonic  acid  than  the  old  air  previously 
present  in  the  lungs.  By  diffusion  the  new  or  tidal  air,  as  it  is 
frequently  called,  gives  up  its  oxygen  to,  and  takes  carbonic  acid 
from,  tlie  old  or  stationary  air,  as  it  has  been  called,  and  thus 
when  it  leaves  the  chest  in  expiration  has  been  the  means  of  both 
introducing  oxygen  into  the  chest  and  of  removing  carbonic  acid 
from  it.  In  this  way,  by  the  ebb  and  How  of  the  tidal  air,  and  by 
diffusion  between  it  and  the  stationary  air,  the  air  in  the  lungs 
is  being  constantly  renewed  through  the  alteniate  expansion  and 
contraction  of  the  chest 

In  ordinary  respirationj  the  expansion  of  the  chest  never  reaches 
its  maximum  ;  by  more  forcible  muscular  contraction,  by  what  is 
called  laboured  inspiration,  an  additional  thoracic  expansion  can 
be  brought  about,  leading  to  the  inrush  of  a  certain  additional 
quantity  of  air  before  equilibrium  is  established.  This  additional 
quantity  is  often  spoken  of  as  wmplanenial  air.  In  the  same  way, 
in  ordinal)'  respiration,  the  contraction  of  the  chest  never  reaches 
its  maximum.      By  calling  into  use  additional   muscles,  by  a 
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laboured  expiration,  an  additional  quantity  of  air,  the  so-called 
r€sen*€  or  suppUmcntal  air,  may  be  driven  out.  But  even  after  the 
most  forcible  expiration^  a  considerable  quantity  of  air,  the  residual 
air,  still  remains  in  the  lungs.  The  natural  condition  of  the  lungs 
in  the  chest  is  in  fact  one  of  partial  distension.  The  elastic  pul- 
monary tissue  is  al^rays  to  a  certain  extent  on  the  stretch;  it  is 
always,  so  to  speak,  striving  to  pull  asunder  the  pulmonary  from 
the  parietal  pleura  ;  but  this  it  cannot  do,  because  the  air  can  have 
no  access  to  the  pleural  cavity*     When  however  the  chest  ceases 

I  to  be  air-tight,  when  by  a  puncture  of  the  chest- wall  or  diaphragm, 
^ir  is  intro^luced  into  the  pleural  chamber,  the  elasticity  of  the 
lungs  pulls  tlie  pulmonary  away  from  ihe  parietal  j4eura,  and  the 
lungs  collapse,  driving  out  by  the  windpipe  a  considerable  quantity 
pi  the  residual  air.  Even  then,  however,  the  lung's  are  not  com- 
Ipletely  emptied,  some  air  still  remaining  in  the  air-cclls  and 
passages.  It  need  hardly  be  added  that  when  the  pleura  is 
punctured,  and  air  can  pL\n  fne  admittance  from  the  exterior  into 
the  pleural  chamber,  the  eftect  of  the  respiratory  movements  is 
simply  to  drive  air  in  and  out  of  that  chamber,  instead  of  in  and 
fiut  of  the  lung.  There  is  in  consequence  no  renewal  of  the  air 
writhin  the  lungs  under  those  circumstances. 


man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone 

ts  to  about  5  mm.  of  mercury.     This  is  estimated  by  tying  a 

cter  into  the  windpipe  of  a  dead  subject  and  observing  the  rise 

of  mercury  which  lakes  place  when  the  chest -walls  are  punctured.     If 

the  chest  be  forcibly  distended  beiorchand,  a  much  larger  rise  of  the 

crctiry,  amounting  to   30  mm.   in  the  case  of  a   distension  corre- 

nding  to  a  very  forcible  inspiration,  is  observed.     In  the  living 

y  this  mechanical  elastic  force  of   the  hmgs  is  assisted  by  the 

traecion  of  the  plain  muscular  fibres  of  the  bronchi ;  the  pressure 

er  which  can  be  exerted  by  these  probably  does  not  exceed  i  or 

mm. 

When  a  manometer  is  introduced  into  a  lateral  opening  of  the 

windpipe  of  an  animal,  the  mercury  will  fall,  indicating  a  negative 

pressure  as  it  is  called,  during    inspiration,   and  rise,  indtcatinj^  a 

positive  pressure,  during  expiration,  the  former  or  negative  pressure 

amounting  to  about  3  mm.,  and  the  latter  or  positive  pfre^sure  to  2  mm. 

trf  mercury.     When  a  manometer  is  fitted  with  air-tight  closure  into 

th«  mouth,  or  better,  in  order  to  avoid  the  suction-action  of  the  mouth, 

intrt  one  nostril,  the  other  nostril  and  the  mouth  being  closed,  and 

effort?  of  inspiration  and  expinition  are  made,  the  mercury  falls  or 

f:  negative  pressure  with  inipiralion,  and  rises,  or  undergoes 

C\  rcssu re  during  expiratirm.     Donders  found  in  this  way  that 

Bic  iic^Mtivc  pressure  of  a  strong  inspiratory  effort  varied  from  30  to 
t|  mm.,  while  the  positive  pressure  of  a  strong  expiration  varied  from 
^  to  100  mm. 
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The  total  amount  of  air  which  can  be  givcD  out  by  the  roost 
forcible  expiration  following  upon  a  most  forcible  inspiration, 
that  is,  the  sym  of  the  complemental,  tidal  and  reserve  airs,  was 
called  by  Hutchinson  *  the  %'ital  capacity  ; '  *  extreme  differential 
capacity '  is  a  better  phrase.  It  may  be  measured  by  a  modifica- 
tion of  a  gas-Tnetei  called  a  spirometer.  The  medium  vital  capacity 
may  be  put  down  at  3—4000  c.c  (200  to  250  cubic  inches). 

Independent  of  other  causes  of  variation,  Hutchinson  found  the 
vital  capacity  to  be  decidedly  dependeat  on  stature^  tlie  taller  persons 
having  the  greater  capacity. 

Of  the  whole  measure  of  vital  capacity,  about  500  c.c-  (30  c 
inch)  may  be  put  down  as  the  average  amount  of  tidal  air,  the 
remainder  being  nearly  equally  divided  between  the  complemental 
and  reserve  airs.  The  quantity  left  in  the  lungs  after  the  deepest 
expiration  amounts  to  about  1400 — 2000  c.c 

Since  the  respiratory  movements  are  so  easily  affected  by  various 
circumstances,  the  simple  fact  of  attention  being  direncil  to  the 
breathing  being  sufficient  to  cause  modifications,  both  of  the  rale  and 
depth  of  the  respiration,  it  becomes  very  difficult  to  fix  the  volume  of 
an  average  breath.  Thus  various  authors  have  given  figures  varying 
from  53  c.c.  to  792  c,c.  The  statement  made  above  is  that  git*en 
by  Vierordt  as  the  mean  of  observations  varying  from  177  to 
699  c,c. 

The  Rhythm  of  Respiration.  If  the  movements  of  the 
column  of  tidal  air,  or  the  movements  of  expansion  and  contrac- 
tion, or  the  fall  and  rise  of  the  diaphragm,  be  registered,  some 
luch  curve  as  that  represented  in  Fig.  46  is  obtained. 


ftot  45. 


TRAdtio  or  Thobacic  RuspiitAToinr  Movkmbnts  obtaiksd  bv   mbams  oy 

MaRBv's  PNKtniOGHArH, 

(To  b«  read  frook  left  lo  right.) 

hold  respimtoiy  phase  U  comprised  between  a  and  o  t  inspiraiion«  duruu  which  the  lewtr 
desccfiok,  ext^Mung  from  a  to  ^,  xmd  expiration  from  ^  to  «.  The  uiuuUtioti*  at  :  «n 
cauted  bjr  the  heait's  beat. 
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The  moveraenls  of  the  column  of  air  may  be  recorded  by  intro- 
ducing a  T  piece  into  the  trachea,  one  cross  piece  being  left  open  or 
connected  with  a  piece  of  india-rubber  tubing  open  at  the  end,  and  the 
other  connected  with  a  Marey'a  tambour  or  with  a  receiver  which  in 
turn  is  connected  with  a  tambour,  Fig.  47.  The  movements  of  the 
column  of  air  in  the  trachea  arc  transmitted  to  the  tambour^  the  con- 
sequent expansions  and  contractions  of  which  are  transmitted  by 
means  of  a  lever  reUing  on  it  to  the  recording  drum.  The  movements 
of  the  chest-walls  may  be  recorded  by  means  of  the  recording 
stethometcr  of  Burdon-Sanderson',  This  consiits  of  a  rectangular 
framework  constructed  of  two  rigtd  parallel  bars  joined  at  right  angles 
to  a  cross  piece*  The  free  ends  of  the  bars,  the  distance  between 
whiiih  can  be  regulated  at  pleasure,  are  armed,  the  one  with  a 
tambour,  the  other  simply  with  an  ivory  button.  The  tambour  also 
bears  on  the  metal  plate  of  its  membrane  (Fig,  39,  m^  p.  159)  a  small 
ivory  button  (in  place  of  the  lever  shewn  in  Figs.  29  and  47).  When 
U  is  desired  to  record  the  changes  occurring  in  any  diameter  of  the 
che'st,  €,g.  an  antero-posterior  diameter  firom  a  point  in  the  sternum  to 
a  point  in  the  back,  the  instrument  is  made  to  encircle  the  chest 
somewhat  after  the  fashion  of  a  pair  of  calUpers,  the  ivory  button  at 
one  free  end  being  placed  on  the  spine  of  a  vertebra  behind  and  the 
tatmbaur  at  the  other  on  the  sternum  in  front  in  the  line  of  the  diameter 
which  is  being  studied.  The  distance  between  the  free  ends  of  the 
instrument  being  carefully  adjusted  so  that  the  button  of  the  tambour 
presses  slightly  on  tlie  sternum,  any  variations  in  the  length  of  the 
diameter  m  question  will,  since  the  framework  of  the  tambour  is 
immobile,  give  rise  to  variations  of  pressure  within  the  tambour. 
These  variations  of  the  *  receiving '  tambour  as  it  is  called  are 
conveyed  by  a  flexible  tube  containing  air  to  a  second  or  '  recording  * 
tambour  similar  to  that  shewn  in  Figs.  29  and  47,  the  lever  of  which 
records  the  variations  on  a  travelling  surface.  For  the  purpose  of 
measuring  the  extent  of  the  movements  the  instrument  must  be 
experimentally  graduated.  In  Marey's  pneumograph,  a  long  elastic 
chamber  is  used  as  a  pectoral  girdle.  \Vht;n  the  chest  expands,  the 
girdle  is  elongated,  and  the  air  within  it  raretied,  and  the  lever  of  the 
tambour  connected  with  it  depressed  ;  and  conversely,  when  the  chest 
contracts,  the  lever  is  elevatcdi.  The  pneumograph  of  Fick  is  some- 
what similar.  The  movements  of  the  diaphragm  may  be  regisierixl 
by  means  of  a  needle,  which  is  thrust  through  the  sternum  so  as  to 
rest  on  the  diaphragm,  the  head  of  the  needle  being  connected  with  a 
tevcr\ 

It  is  seen  that  in  Fig.  46  mspiration  begins  somewhat  suddenly 
and  advances  rapidly,  that  expiration  succeeds  inspiration  imme- 
diately, advancing  at  first  rapidly,  but  afterwards  more  and  mors 
slowly.  Such  pauses  as  are  seen  occur  between  the  end  of  ex- 
piration  and  the  beginning  of  inspiration.  In  normal  breathing, 
hardly  any  pause  is  observed  between  the  extreme  end  of  expira- 
tioD  find  the  beginning  of  inspiration,  but  in  cases  where  the 
•  Hdh,  Fhys.  Lab^t  p.  291.  '  Sec  Ildb.  P^ynot.  Lab^rat^t  p,  395. 
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respiration  becomes  infrequent,  pauses  of  considerable  length  may 
be  observ'ed. 

Jq  what  may  be  considered  as  normal  breathing,  the  rcspiratorji 
act  is  repeated  about  1 7  times  a  minute  ;  and  the  duration  of  the 
inspiration  as  compared  with  that  of  the  expiration  (and  such 
jmuse  as  may  exist)  is  about  as  ten  to  twelve. 

The  rate  of  the  respiratory  rhythm  varies  very  largely,  and  in  this 
as  in  the  volume  it  is  very  difficult  to  fix  a  satisfactory  average: 
While  Hutchinson  plices  it  at  20  a  minute,  Vicrordt  puts  it  at  u*9, 
and  FuiTike  at  13 "5,  The  frequency  is  greater  in  chiidreci  than  io 
adults,  but  rises  again  somcwhai  after  30  years  of  age.  Quetclet 
gives  the  rate  of  respiratiori  of  ivew-born  infants  ai  44;  from  t  to  S 
years,  26,  from  25  to  30,  16,  from  30  to  50,  iS*i  per  minute.  The  rate 
is  inrtuenced  by  the  position  of  the  body,  being  quicker  in  sunding 
than  in  lying,  and  in  lying  than  m  sitting.  Muscular  exertion  and 
emotional  conditions  affect  it  deeply.  In  fact,  almost  every  event 
which  occurs  m  the  body  may  iatluence  it.  VVe  shall  have  to  coniidcr 
in  detail  hereafter  the  manner  in  which  this  influence  is  brought  to 
bear. 

When  the  ordinary  respiratory  movements  prove  insufBcient  to 
effect  the  necessary  changes  in  the  blood,  their  rhythm  and  cha- 
racter become  changed.  Normal  respiration  give^i  place  to 
laboured  respiration,  and  this  in  turn  to  dyspnoea,  whicli,  unless 
some  restorative  event  occurs,  terminates  in  asphyxia.  These 
abnormal  conditions  we  shall  study  more  fully  hereafter. 


TAd  Respiratory  Mmetmnts, 

When  the  movements  of  the  chest  during  normal  breathing 
are  watched,  it  is  seen  that  during  respiration  an  enlargement  takes 
place  in  the  antero-posterior  diameter,  the  sternum  being  thrown 
forwards,  and  at  the  same  time  moving  upward.  The  lateral  width 
of  the  chest  is  also  increased.  The  vertical  increase  of  the  cavity 
is  not  so  ohvious  from  the  outside,  though  when  the  movements 
of  the  diaphragm  are  watched  by  means  of  an  inserted  needle, 
the  upper  surface  of  that  organ  is  seen  to  descend  at  each  inspira- 
tion,  the  anterior  walls  of  the  abdomen  bulging  out  at  the  same 
time.  In  the  female  human  subject,  the  movement  of  the  up(>er 
part  of  the  chest  is  veiy  conspicuous,  the  breast  rising  and  falling 
with  every  respiratior, ;  in  the  male,  however,  the  movements  are 
almost  entirely  confined  to  the  lower  part  of  the  chest.  In 
laboured  rcspirarion  all  parts  ol  the  chest  are  alternately  expanded 
and  contracted,  the  breast  rising  and  falling  as  well  in  the  male  as 
in  the  female.     Wc  have  noiF4^4»iiSKier  these  several  moi 
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tn  greater  detail,  and  to  study  the  means  by  which  they  are  carried 
out. 

Inspiration.  There  are  two  chief  means  by  which  the  chest 
is  enlarged  in  normal  inspiration,  viz.  the  descent  of  the  diaphragm 
and  the  elevation  of  the  ribs.  The  former  causes  thai  movement 
in  the  lower  part  of  the  chest  and  abdomen  so  characteristic  of 
male  breathing,  which  is  called  diaphragmatic ;  the  latter  causes 
the  movement  of  the  upper  chest  characteristic  of  female  breath- 
ing, which  is  called  costal.  These  two  main  factors  are  assisted 
by  less  important  and  subsidiary  events. 

The  descent  of  the  diaphragm  is  effected  by  means  of  the 
contraction  of  its  muscular  fibres.  When  at  rest  the  diaphragm 
presents  a  convex  surface  to  the  thorax ;  when  contracted  it  be- 
comes much  tlattcr,  and  in  consequence  the  level  of  the  chest-floor 
is  lowered,  the  vertical  diameter  of  the  chest  being  proportionately 
enlarged.  In  descending,  the  diaphragm  presses  on  the  abdominal 
viscera,  and  so  causes  a  projection  of  the  flaccid  abdominal  walls. 
From  its  attach mcnts  to  the  sternum  and  the  false  ribs,  the  dia- 
phragm, while  contracting,  naturally  tends  to  pull  the  sternum  and 
the  upper  false  ribs  downwards  and  inwards,  and  the  lower  false 
ribs  upwards  and  inwards,  towards  the  lumbar  sptne.  In  normal 
breathing,  this  tendency  produces  little  effect,  being  counteracted 
by  the  accom])anying  general  costal  elevation^  and  by  certain  special 
muscles  to  be  mentioned  presently.  In  forced  inspiration  how- 
ever, and  especially  where  there  is  any  obstmction  to  the  entmnce 
of  air  into  the  lungs,  the  lower  ribs  may  be  so  much  drawn  in  by 
the  contraction  of  the  diaphragm,  that  the  girth  of  the  trunk  at 
this  point  is  obviously  diminished. 

The  elevation  of  the  ribs  is  a  much  more  complex  matter  than 
the  descent  of  the  diaphragm.  If  we  examine  any  one  nb,  such 
as  the  fifth,  and  observe  that  while  it  moves  freely  on  its  vertebral 
articulation,  it  descends  when  in  the  position  of  rest  in  an  oblique 
direction  from  the  spine  to  the  sternum,  it  is  obvious  that  when 
the  rib  is  raised,  its  sternal  attachment  must  not  only  be  carried 
upward,  but  also  thrown  forwards.  The  rib  may  in  fact  be  regarded 
as  a  radius,  moving  on  the  vertebral  articulation  as  a  centre,  and 
Gsiusing  the  sternal  attachment  to  describe  an  arc  of  a  circle  in  the 
vertical  plane  of  the  body  ;  as  the  nb  is  carried  upwards  from  an 
oblique  to  a  more  horizontal  jx)sition,  the  sternal  attachment  must 
of  necessity  be  carried  farther  away  in  front  of  the  spine.  Since 
all  the  ribs  have  a  downward  sLinting  direction,  they  must  all  tend* 
when  raised  towards  the  horizontal  position,  to  thrust  the  sternum 
forward,  some  more  than  others  according  to  their  slope  and  length. 
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The  elasticity  of  the  sternum  and  costal  cartilages,  together  with 
the  articulation  of  the  sternum  to  the  clavicle  above,  pennit  the 
front  surface  of  the  chest  to  be  thus  thrust  forwards  as  well  as 
upwards^  when  the  ribs  are  raised.  By  this  action,  the  antero- 
posterior diameter  of  the  chest  is  enlarged* 

According  to  A.  Ransome*,  the  for%vard  movement  in   inspiraiu 
especiaMy  of  the  upper  ribs,  is  so  great  that  it  can  only  be  accounts 
for  by  an  expiratory  bending  in  and  inspiratory  straightening  of  ih€ 
libs. 

Since  the  ribs  form  arches  which  increase  in  their  sweep 
one  proceeds  from  the  first  downwards  as  far  at  least  as  theseventJiJI 
il  is  evident  that  when  a  lower  rib  such  as  the  fifth  is  elevated  so 
as  to  occupy  or  to  approach  towards  the  position  of  the  one  above 
it,  the  chest  at  that  level  will  become  wider  from  side  to  side, 
in  proportion  as  the  ftfth  arch  is  wider  than  the  fourth.  Thus 
the  elevation  of  the  rib  increases  not  only  the  anteroposterior  but 
also  the  transverse  diameter  of  the  che^t.  Further,  on  account  of 
the  resisUnce  of  the  sternum,  the  angles  between  the  ribs  and  thou 
cartilages  are^  in  the  elevation  of  the  ribs,  somewhat  opened  out, 
and  thus  also  the  transverse  as  well  as  the  antero-posierior  diameter, 
somewhat  increased.  In  several  ways,  then,  the  elevation  of  the 
ribs  enlarges  the  dimensions  of  the  chest 

The  ribs  are  raised  by  the  contracdon  of  certain  muscles.  Of 
these  the  external  intercostals  are  the  most  important.  Even  in 
the  case  of  two  isolated  ribs  such  as  the  lifth  and  sixth,  the  con- 
traction of  the  external  intercostal  muscle  of  the  intervening 
space  raises  the  two  ribs,  thus  bringing  them  towards  the  position 
in  which  the  fibres  of  the  muscle  have  the  shortest  length,  viz:  the 
horizontal  one.  This  elevating  action  is  further  favoured  by  the 
fact  that  the  first  rib  is  less  moveable  than  the  second,  and  so 
affonls  a  comparatively  fixed  base  for  the  action  of  the  muscles 
between  the  two,  the  second  in  turn  supporting  the  third  and  so 
on,  while  the  scaleni  muscles  in  addition  ser\'e  to  render  fixed, 
or  to  raise,  the  first  two  ribs.  So  that  in  normal  respiration,  the 
act  begins  probably  by  a  contraction  of  the  scaleni.  The  first  two 
ribs  being  thus  fixed,  the  contraction  of  the  series  of  external 
intercostal  muscles  acts  to  the  greatest  advantage. 

While  the  elevating  i,e,  inspiratory  action  of  the  exten\al  inter 
costals  is  admitted  by  all  authors,  the  function  of  the  internal 
intercostals  has  been  much  disputed. 

Haller  may  be  regarded  as  the  leader  of  those  who  regard  the 
internal  intercostals  as  inspirator)*,  while  Hambcrger  was  the  first  wha 

'  On  Stetbomctry,  1876,  p.  96. 


succeisftilly  advocated  the  perhaps  more  commonly  adopted  view  that 
while  those  pans  of  them  which  lie  between  the  sternal  cartilages  act 
like  the  external  intercostals  as  elevators,  i.e.  as  inspiratory  in  function, 
thoiC  parts  which  lie  between  the  osseous  ribs  act  as  depressors,  i,e.  as 
cxpjntor>-  in  function. 

In  the  well-known  model  invented  by  Bernoulli  and  adopted  by 
Hambcrgcr,  consisting  of  two  rigid  bars,  representing  the  ribs,  moving 
vertically  by  means  of  their  articulations  with  an  upright  representing 
the  spine  and  connected  at  their  free  ends  by  a  piece  representing^  the 
sternum,  it  is  undoubtedly  true  that  stretched  elastic  bands  attached  to 
the  birs  in  such  a  way  as  to  represent  respectively  the  external  and 
internal  inter'  ostals,  viz.  sloping  in  the  one  case  downwards  and 
forwards  and  in  the  other  downwards  and  backwards,  do,  on  being  left 
free  to  contract,  in  the  former  case  elevate  and  in  the  latter  depress  the 
ribs.  Such  a  model  hoivevcr  does  not  fairly  represent  the  natural 
conditions  of  the  ribs,  which  are  not  straight  and  rigid,  but  peculiarly 
curved  and  of  vary  ing  elasticity,  capable  moreover  of  rotation  on  their 
own  axes,  and  having  their  movements  determined  by  the  characters 
of  their  vertebral  articulations.  On  the  other  hand,  not  only  do  the 
direction  and  attachments  of  the  internal  intercostah  between  the 
sternal  cartilages  suggest  an  elevating  inspiratory  action,  but  the 
absence  of  the  external  muscles  in  front  and  the  internal  behind  seems 
to  point  to  both  sets  of  muscles  acting  towards  the  same  end.  The 
mechanical  conditions  however  are  in  the  case  of  these  muscles  so 
complex,  that  a  deduction  of  their  actions  from  simple  mechanical 
principles,  or  from  the  direction  of  the  fibres,  must  be  exceedingly 
difficult  and  dangerous.  Newell- Martin  and  Hart  well'  have  shewn 
by  an  ingenious  experiment  that  in  the  cat  and  the  dog,  the  internal 
iniercosials^  along  their  whole  length,  contract,  even  in  the  early  stages 
of  dyspnoea,  alternately  with  the  diaphragm,  and  are  therefore  to  be 
regarded  as  expiratory  in  function. 

Next  in  importance  to  the  external  intercostals  come  the  leva- 
lores  costarum,  which,  though  small  muscles,  are  able,  from  the 
nearness  of  their  costal  insertions  to  the  fulcrum,  to  produce 
considerable  movement  of  the  sternal  ends  of  the  ribs.  The 
external  intercostals  and  the  levatores  costarum  with  the  scaleni 
may  fairly  be  said  to  be  the  elevators  of  the  ribs,  i>.  the  chief 
mtiscles  of  costal  inspiration  in  normal  breathing. 

Additional  space  in  the  transverse  diameter  rs  afforded  probably  by 
the  rotation  of  the  ribs  on  an  antero-posterior  axis;  but  this  movement 
is  quite  subsidiary  and  unimportant.  When  the  che*l  is  at  rest,  the 
ribs  are  somewhat  inclined  with  their  lower  borders  directed  inwards 
as  well  as  downwards.  When  they  are  drawn  up  by  the  action  of  the 
intercostal  muscles,  their  lower  borders  are  everted.  Thus  their  flat 
sides  are  presented  to  the  thoracic  cavity,  which  is  thereby  slightly 
iDcreased  in  width. 


Journ,  PhysufL,  II.  (1879)  p.  34. 
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Laboured  Inspiration,  When  respiration  becomes  laboured, 
other  muscles  are  brought  into  play.  The  scaleni  are  strongly 
contracted,  so  as  to  raise  or  at  least  give  a  very  fixed  support  to 
the  first  and  second  ribs.  In  the  same  way  the  serratus  posticus 
superior^  which  descends  from  the  fixed  spine  in  the  lower  cervical 
and  upper  dorsal  regions  to  the  second,  third,  fourth  and  fifth  ribs, 
by  its  contractions  raises  those  ribs.  In  labourctl  breathing  a 
function  of  the  lower  false  ribs,  not  very  noticeable  in  easy 
breathing,  comes  into  play.  They  are  depressed,  retracted,  and 
fixed,  thereby  giving  increased  support  to  the  diaphragm,  and 
directing  the  whole  energies  of  that  muscle  to  the  vertical  en* 
largcment  of  the  chest.  In  this  way  the  serratus  posticus  inferior^ 
which  passes  upward  from  the  lumbar  aponeurosis  to  the  last  four 
ribs,  by  depressing  and  fixing  those  ribs  becomes  an  adjuvant 
inspirator)^  muscle.  The  quadratus  lumbortim  and  lower  portions 
of  the  sacro  Imntmlis  may  have  a  similar  function. 

All  these  muscles  may  come  into  action  even  in  breathing 
which,  deeper  than  usual,  can  hardly  perhaps  be  called  laboured. 
When  however  the  need  for  greater  inspiratory  efforts  becomes 
urgent,  all  the  musck-s  which  can,  from  any  fixed  point,  act  in 
enlarging  the  chest,  come  into  play.  Thus  the  arms  and  shoulder 
being  fixed,  the  serratus  magnus  passing  from  the  scapula  to  the 
niidille  of  the  first  eight  or  nine  ribs,  the  pectoratis  minor  passing 
from  the  coracoid  to  the  front  parts  of  the  third,  fourth  and  fifth 
ribs,  the  pectoraiis  major  passing  from  the  humerus  to  the  costal 
cartilages,  from  the  second  to  the  sixth,  and  that  portion  of  the 
iatissimus  darsi  which  passes  from  the  humerus  to  the  last  three 
ribs,  all  serve  to  elevate  tlie  ribs  and  thus  to  enlarge  the  chest 
The  stemo-mastoid  and  other  muscles  passing  from  the  neck  to 
the  sternum,  are  also  called  into  action.  In  fact,  every  muscle 
which  by  its  contraction  can  either  elevate  the  ribs  or  contribute 
to  the  fixed  support  of  muscles  which  do  elevate  the  ribs,  such  as 
the  trapezius,  levator  anguli  scapulae  and  rhomboidei  by  fixing  the 
scapula,  may,  in  the  inspiratory  efforts  which  accompany  dyspncea, 
be  brought  into  play. 

Expiration.  In  normal  easy  breathing,  expiration  is  in  the 
main  a  simple  effect  of  elastic  reaction.  By  the  inspiratory  effort 
the  elastic  tissue  of  the  lungs  is  put  on  the  stretch  i  so  long  as  the 
inspiratory  muscles  continue  contracting,  the  tissue  remains 
stretched,  but  directly  those  muscles  relax,  the  elasticity  of  the 
lungs  comes  into  play  and  drives  out  a  portion  of  the  air  contamed 
in  them.  Similarly  the  elastic  sternum  and  costal  cartilages  are 
by  the  elevation  of  the  ribs  put  on  the  stretch:  they  are  driven 
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tnlo  a  fKJsition  which  is  unnatural  to  them,  ^\^en  the  intercostal 
anil  other  elevator  muscles  cease  to  con  tracts  tlie  elasticity  of  the 
sternum  and  costal  cartilages  causes  them  to  return  to  their  pre- 
position, thus  depr>28sing  the  ribs»  and  diminishing  the 
tnsittns  of  the  chest.  When  the  diaphragm  descends,  in  push- 
down the  abdoniin»il  viscera,  it  puts  the  abdominal  walls  on 
the  stretch :  and  hence,  when  at  the  end  of  inspiration  the 
diaphragm  relaxes,  the  abdominal  walls  return  to  their  place,  and 
by  pressing  on  the  abdominal  viscera,  push  the  diaphragm  up 
again  into  its  position  of  rest.  Expiration  then  is,  in  the  main» 
simple  elastic  reaction ;  but  it  is  obvious  that  since  external  work 
has  been  effected  by  the  respirator)'  act,  viz.  the  movement  of  the 
c:olumn  of  air,  the  reaction  of  expiration  must  fall  short  of  the 
action  of  inspiration ;  there  must  be  some,  though  it  may  be  a 
very  slight,  additional  expenditure  of  energy  to  bring  the  chest 
completely  to  its  former  condition.  This  is,  as  we  have  seen, 
supposed  by  many  to  be  afforded  by  the  internal  intercostals 
acting  as  depressors  of  the  ribs.  If  these  do  not  act  in  this  way, 
we  may  suppose  that  the  elastic  return  of  the  abdominal  walls  is 
Bcconipanied  and  assisted  by  a  contraction  of  the  abdominal 
muscles.  The  triangularis  stern i,  the  effect  of  whose  contraction 
is  to  pull  down  the  costal  cartilages,  may  also  be  regarded  as  an 
expiratory  muscle. 

When  expiration  becomes  laboured,  the  abdominal  muscles 
become  important  expiratory  agents.  By  pressing  on  the  con- 
tents of  the  abdomen,  they  thrust  them  and  the  diaphragm  up 
into  the  chest,  the  vertical  diameter  of  which  is  thereby  lessened, 
and  by  pulling  down  the  sternum  and  the  middle  and  lower  ribs 
they  lessen  also  the  cavity  of  the  chesi  in  its  anteroposterior  and 
txans^'erse  diameters.  They  are  in  fact  the  chief  expiratory 
muscles,  though  they  are  doubtless  assisted  by  the  sermtus 
pcksticus  inferior  and  portions  of  the  sacro-lumbalis,  since  when  the 
diaphragm  is  not  contracting,  the  depression  of  the  lower  ribs 
which  the  contraction  of  these  muscles  causes,  serves  only  to 
itartow  the  chest.  As  expiration  t)ecomcs  moic  and  more  forced, 
every  muscle  in  the  body  which  can  either  by  contracting  depress 
the  ribs,  or  press  on  the  abdominal  viscera,  or  afford  fixed  support 
to  muscles  having  those  actions,  is  called  into  play. 

FaciAl  and  Laryngeal  Kespiration.  The  thoracic  respiratory  move- 
ments are  accompanied  by  associated  respiratory  movements  of  other 
ports  of  the  body,  more  particularly  of  the  face  and  of  the  glottis. 

Jn  normal  healthy  respiration  the  current  of  air  which  passes 
and  out  of  the  lungs,  travels,  not  through  the  mouth  but  through 

nosei  viz.,  chietly  through  the  lower  nasal  meatus,    TVv^  \t\^c>\tt% 
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air,  by  exposure  to  the  vascular  macous  membrane  of  the  narrow  and 
wmdin^  nasal  passages,  is  more  efficiently  warmed  than  it  would  be  ii 
it  passed  through  the  mouth  ;  and  at  the  same  time  the  mouth  is 
thereby  protected  from  the  desiccating  eflfect  of  the  continual  inroad 
of  comparattvely  dry  air. 

During  each  inspiratory  eflfort  the  nostrils  are  expanded,  probably 
by  the  action  of  the  dilatorcs  naris,  and  thus  the  entrance  of  air  facili- 
tated.  The  return  to  their  previous  couditioo  during  expiration  is 
effected  by  the  elasticity  of  the  nasal  cartilages,  assisted  perhaps  by  the 
compressorcs  naris.  This  movement  of  the  nostnls,  perceptible  ia 
many  peoplcj.  even  during  tranquil  breatliing,  becomes  very  obvious  in 
laboured  respiration. 

When  the  mouth  is  closed,  the  soft  palate  which  is  held  somewhat 
tense,  is  swayed  by  the  respiratory  current,  but  entirely  in  a  passive 
manner,  and  it  is  not  until  the  larynx  is  reached  by  the  ingoing  air  thjtt 
any  active  movements  are  met  with.  WTien  the  larynx  h  examined  with 
the  lar\Tigoscope,  it  is  frequently  seen  that,  while  during  inspiration  the 
glottis  is  widely  open,  with  each  expiration  the  arytenoid  cirtUage^s  ap- 
proach each  other  so  as  to  narrow  the  glottis,  the  cartilages  ofSantorini 
projecting  inwards  at  the  same  time.  Thus,  synchronous  with  the 
respiratory  expansion  and  contraction  of  the  chest,  and  the  rx^spiratory 
elevation  and  depression  of  the  aJae  n;isi,  there  is  a  rhythmic  widening 
and  narrowing  of  the  glottis.  Like  the  movements  of  the  nostril,  this 
respiratory  action  of  the  glottis  is  much  more  evident  in  laboured  than 
in  tranquil  breathing.  Indeed  in  the  latter  case  it  is  frequently  absent 
The  manoer  in  which  this  rhythmic  opening  and  narrowing  is  eflcci 
will  be  described  when  we  cunie  to  study  the  production  of  the  voi 
Whether  there  exists  a  rhythmic  contraction  and  expansion  of  the 
trachea  and  bronchial  passages  effected  by  means  of  the  plain  muscular 
tissue  of  those  organs  and  synchronous  with  the  respiratory  movements 
of  the  chest,  is  uncertain '. 

Sec.  2.    Changes  of  the  Air  in  Respiration, 

During  its  stay  in  the  lungs,  or  rather  during  its  stay  in  the 
bronchial  passages,  the  tidal  air  (by  means  of  diffusion  cliiefly) 
effects  exchanges  with  the  stationary  air ;  in  consequence 
the  expired  air  differs  from  inspired  air  in  several  important 
particulars. 

I.  The  temperature  of  expired  air  is  variable,  but  under 
ordinary  circumstances  is  higher  than  that  of  the  inspired  air.  At 
an  average  temperature  of  the  atmosphere,  for  instance  at  about 
20"  C,  the  temperature  of  expired  air  is,  in  the  mouth  33*9^,  in 
the  nose  35*3*'.  When  the  external  temperature  is  low,  that  of  tlie 
expired  air  sinks  somewhat,  but  not  to  any  great  extent,  thus  at 
-6"3*^C.  it  is  29*8°  C  When  the  external  temperature  is  high, 
the  expired  air  may  become  cooler  than  the  inspired,  thus  at  41  •9* 
»  Cf.  Hnrvath,  PdOgcr's  Anhw^  xiii.  (1876)  p.  508. 
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it  was  found  by  Valentin  to  be  38- 1°-  The  exact  temperalure  in 
fact  depends  on^  the  relative  temperatures  of  tl)e  blood  and 
inspired  air,  and  on  the  depth  and  rate  of  breathing. 

2.  The  expired  air  is  loaded  with  aqueous  vapour.  The 
point  of  saturation  of  any  gas,  that  is,  the  utmost  quantity  of 
water  which  any  given  volume  of  gas  can  lake  up  as  aqueous 
vapour,  varies  with  the  temperature,  being  higher  with  the  higher 
temperature.  For  its  own  temperature  expired  air  is  according 
to  most  observers  saturated  with  aqueous  vapour.  According  to 
Edward  Smith  it  is,  when  fasting,  only  half  saturated. 

5,  When  the  total  quantity  of  tidal  air  given  out  at  any 
•expiration  is  coni|JAred  with  that  t:iken  in  at  the  conesponding 
inspiratiun,  it  is  found  that,  both  ])eing  dried  and  measured  at  the 
same  pressure,  the  expired  air  is  less  in  volume  than  the  inspired 
air,  the  difference  amounting  to  about  -^th  or  ^V*^^*  ^^  *^*^  volume 
of  the  latter.  Hence,  when  an  animal  is  made  to  breathe  in  a 
confined  space,  the  atmosphere  is  absolutely  diminished,  as  was 
observed  so  long  ago  as  1674  by  Mayow*  The  approximate 
equivalence  in  volume  between  inspired  and  expired  air  arises 
from  the  fact  that  the  volume  of  any  given  quantity  of  carbonic 
licid  is  equal  to  the  volume  of  the  oxygen  consumed  to  produce  it ; 
the  slight  falling  short  of  the  expired  air  is  due  to  the  circumstance 
that  all  the  oxy^^^en  inspired  does  not  reappear  in  the  carbonic 
acid  expired,  sotne  having  formed  other  combinations. 

4,  The  expired  air  contains  about  4  or  5  p.c.  less  oxygen, 
and  about  4  p.c.  more  carbonic  acid  than  the  inspired  air,  the 
quantity  of  nitrogen  sulfering  but  little  change.     Thus 

oxygen.  nitrogen.       carbonic  Add* 

Inspired  air  contains  2081  79**S  *o4 

Expired     „         „        16033  79*557         4'3^o 

•  The  quantity  of  nitrogen  »n  the  expired  air  is  sometimes  found 
lo  be  greater,  as  in  ttie  table  above,  but  sometimes  less,  than  that 
of  the  inspired  air, 

W.   Edwards  thought  t*iat  nitrn^'en   was  absorbed  in  cold,  and 

Ithrown  out  in  warm  \vci\thcr.     W.  Mullcr  observed  that  in  .in  .\ima- 

>herc  consiisting  entirely  til  nitrogen,  an  absorptioii»  and  in  one  devoid 

nitrogen  or  cont lining  little  niirogcr,  an  escape  of  nitrogen  look 
||>lace ;  a  result  which  appc  trs  prubable. 

In  a  single  breath  the  uir  is  richer  in  carbonic  acid  (and  poorer 
fin  oxygen),  at  the  end  than  at  the  beginning.  Hence  the  iangw  the 
|l>rcath  is  held,  the  greater  the  pause  between  inspiration  and  expini* 
LUoti,  tlic  higher  the  pirrcentage  of  carbonic  acid  in  the  expired  air 
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Thus  Hecher  found  that  by  increasing  the  pause  from  o  lo  loo  seconds. 

the  percentage  was  raised  from  3*6  to  7'5.  The  rate  of  increase 
however  continually  diminishes,  being  greatest  at  the  beginning  of 
the  period. 

When  the  rate  of  breathing  remains  the  same,  by  increasing  the 
depth  of  the  breathing  the  percentage  of  carbonic  acid  in  each  breath 
is  lowered,  but  the  total  quantity  of  carbonic  acid  expired  in  a  given 
lime  is  increyscd.  Similarly  when  the  depth  of  breath  remains 
the  same,  hy  quickening  the  rate  the  percentage  of  carbonic  acid  in 
each  breath  is  lowered,  but  the  quantity  expired  in  a  given  time  is 
increased. 

The  variations  in  both  the  consumption  of  oxygen  and  production 
of  carbonic  acid,  due  to  variations  in  pressure,  will  be  considered  in 
connection  with  the  respiratory  chanj.es  of  blood 

Taking,  as  we  have  done,  at  500  c.c*  the  amount  of  tidal  air 
passing  in  and  out  of  the  chest  of  an  average  man,  si^ch  a  person 
will  expire  about  22  c.c.  of  carbonic  acid  at  each  breath  ;  this» 
reckoning  the  rate  of  breathing  at  17  a  minute,  would  give  over 
500  litres  of  carbonic  acid  for  the  clay's  production.  By  actual 
experiment,  however,  Peltenkofer  and  Voit,  of  whose  researches 
we  shall  have  to  speak  hereafter,  determined  the  total  daily 
excretion  of  carbonic  acid  in  an  average  man  to  be  800  grms., 
t\e.  rather  more  than  400  litres  (406),  containing  2iS*i  grms. 
carbon,  and  581*9  grms,  oxygen,  the  oxygen  actually  consumed 
at  the  same  time  being  about  700  grms.  This  amomit  represents 
the  gapes  given  out  and  taken  in,  not  by  the  lungs  only,  but  by 
the  whole  body  ;  but  the  amount  o(  carbonic  acid  given  out  by 
the  skin  is,  as  we  shall  see,  very  slight  (10  grms,  or  even  less), 
so  that  800  grms,  may  be  taken  as  the  average  production  of 
carbonic  acid  by  an  average  man.  The  quantity  however,  both  of 
oxygen  consumed  and  of  carbonic  acid  given  out,  is  subject  to 
very  wide  variations ;  thus  in  Pettenkufer  and  Voit's  observations, 
the  daily  quantity  of  carbonic  acid  varied  from  686  to  1285  grms., 
and  that  of  the  oxygen  from  594  to  1072  grraa.  These  variations 
and  their  causes  will  be  discussed  when  we  come  to  deal  with  the 
problems  of  nutrition. 

The  quantity  of  cnrbonic  acid  produced  and  oxygen  consumed 
increases  in  man  I'rtiiri  birth  up  to  about  thirty  years,  and  after  that 
diminishes.  In  the  female,  the  quantity,  always  less  than  that  ol 
man,  increases  up  to  puberty,  remains  daring  the  menstrual  life  at 
a  standstill,  and  after  the  climacteric  declines. 

5.  Besides  carbonic  acid,  expired  air  contains  various  im- 
purities, many  of  an  unknown  nature,  and  all  in  small  amounts 
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Amnonia  h2s  been  detected  in  expired  air,  even  in  that  taken 
directly  from  the  trachea,  in  which  case  its  presence  could  not  be 
due  10  decomposing  food  lingering  in  the  mouth.  According  to 
Lossen,  the  amount  given  off  in  ordinary  respiration  in  24  hours 
is  '014  grm.  When  the  expired  air  is  condensed  by  being  con- 
veyed into  a  cooled  receiver,  the  aqueous  product  is  found  to 
itain  organic  matter,  and  rapidly  to  putrefy.  The  organic  sub- 
ices  thus  shewn  to  be  present  in  the  expired  air  are  the  cause 
part  of  the  odour  of  breath.  It  is  probable  that  many  of 
icra  are  of  a  poisonous  nature;  for  an  atmosphere  containing 
)ly  I  p.c.  of  carbonic  acid  (with  a  corresponding  diminution  of 
jo)  has  very  little  effect  on  the  animal  economy,  whereas  an 
atmosphere  in  which  the  carbonic  acid  has  been  raised  to  i  p.c. 
by  breathing,  is  highly  injurious.  In  fact,  air  rendered  so  far 
impure  by  breathing  that  the  carbonic  acid  amounts  to  *oS  p.c*  is 
distinctly  unwholesome,  not  so  much  on  account  of  the  carbonic 
acid,  as  of  the  accompanying  impurities.  Since  these  impurities 
are  of  unknown  nature  and  cannot  be  estimated,  the  easily 
determined  carbonic  acid  is  usually  taken  as  the  measure  of  their 
presence.  We  have  seen  that  the  average  man  loads,  at  each 
breath,  500  c.c.  of  air  with  carbonic  acid  to  the  extent  of  4  p.c. 
He  will  accordingly  at  each  breath  load  2  litres  to  the  extent  of 
1   p.c. ,  and  in  one  hour,  if  he  breathe   1 7  times  a  minute,  will 

I|o^  rather  more  than  2000  litres  to  the  same  extent.  At  the 
^ry  least  then  a  man  ought  to  be  supplied  with  this  quantity  of 
air  hourly  ;  and  if  the  air  is  to  be  kept  lairly  wholesome,  that  is 
with  the  carbonic  acid  reduced  to  'i  p.c,  he  should  have  ten 
j^naes  as  much. 


Sec.  5.    The  Respiratory  Changes  in  the  Blood. 


While  the  air  in  passing  in  and  out  of  the  lungs  is  thus  robljed 
of  a  portion  of  its  oxygen,  and  loaded  with  a  certain  quantity  of 
carbonic  acid,  the  blood  as  it  streams  along  the  pulmonary  capil- 
laries undergoes  important  correlative  changes.  As  it  leaves  the 
right  venincle  it  is  venous  blood  of  a  dark  purple  or  maroon 
icolour  ;  vvhcn  it  falls  into  the  left  auricle,  it  is  anerial  blood  of  a 
bright  scarict  hue.  In  passing  through  the  capillaries  of  the  body 
from  the  left  to  the  right  side  of  the  heart,  it  is  again  changed 
from  the  arterial  to  the  venous  condition.  We  have  to  inquire, 
What  are  the  essential  ditlerences  between  arterial  and  venous 
bloixl,  by  what  means  is  the  venous  blood  changed  into  arterial  in 
'     '  ing:;,  and  the  arterud  into  venous  in  the  rest  ol  the  body,  and 
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what  relations  do  these  changes  in  the  blood  bear  to  the  changes 
in  the  air  which  we  have  alreaily  stutlied  ? 

The  tacts,  that  venous  blood  at  once  becomes  arterial  on  being 
exposed  to  or  i^haken  up  with  air  or  oxygen,  and  that  arterial 
blood  becomes  venous  when  kept  for  some  little  time  in  a  closed 
vessel,  or  when  submitted  to  a  current  of  some  indifferent  gas 
such  as  nitrogen  or  hydrogen,  prepare  us  for  the  statement  that 
the  fundamental  difference  between  venous  and  arterial  blood  is 
in  the  relative  proportion  of  the  oxygen  and  carbonic  acid  gases 
conuiued  in  each.  From  both,  a  certain  quaniily  of  gas  can  be 
extracted  by  means  which  do  not  otherwise  materially  alter  the 
constitution  of  the  blood  ;  and  this  gas  when  obtain ei!  from 
arterial  blood  is  found  to  contain  more  oxygen  and  less  carbonic 
acid  than  that  obtained  from  venous  blood  This  is  the  real 
differential  character  of  the  two  bloods  ;  all  other  differences  are 
either,  as  we  shall  see  to  be  the  case  with  the  colour,  dependent 
on  this,  or  are  unimportant  and  fluctuating. 

If  the  quantity  of  gas  which  can  be  extracted  by  the 
mercurial  air-pump  from  loo  vols,  of  blood  be  measured  at  o^'C*, 
and  a  pressure  of  760  mm.,  it  is  found  to  amount,  in  round 
numbers,  to  60  vols*. 

The  vacuum  produced  by  the  ordinary  mechanical  air-pump  is 
iasuihciem  to  extract  all  the  gas  from  hlood.  Hence  it  becomes 
necessary  to  use  either  a  large  Torricellian  vacuum  or  a  Sprengel's 
pump*  in  the  former  (Fig.  48)  case  two  large  globes  of  glass,  one 
fixed  and  die  other  moveable,  are  connected  by  a  flexible  tube  ;  the 
fixed  gluhe  is  made  to  communicate  by  means  of  air-tight  stopcocks 
alternately  with  a  receiver  containing  the  blood,  and  with  a  receiver 
to  collect  the  g:i3.  When  the  moveable  globe  tilled  with  mercury  is 
raised  above  the  fixed  one,  the  mercury  from  the  former  runs  into  and 
cumpleleiy  fills  the  latter,  the  air  previously  present  being  driven  out* 
AficT  atljusting  the  cocks,  the  moveable  glotje  is  then  depressed  thirty 
inches  below  the  hxed  unc,  in  which  the  consequent  fall  of  the  mercury 
produces  an  almost  c<jmpk*te  vacuum.  13y  turning  the  proper  cock 
this  vacuum  is  put  into  cunncction  with  the  receiver  contiining  the 
blood,  whij:b  tficrcupon  bcconies  proportionately  cxhauatcd.  By  again 
adjusting  the  cocks  and  once  more  elevating  the  moveible  giot>e,  ih© 
gas  thus  extriicieil  is  driven  out  of  the  fixer!  globe  into  a  rccetvcr. 
The  vacuum  is  then  once  more  cstabJished  and  the  operation  repeated 
'  as  long  as  gas  continues  to  be  given  off  Irom  the  blood.  This  torm 
of  pump,  iniro  luced  by  Lud^vig,  or  a  modification  of  it,  with  drying 
apparatus,  employed  by  Pfliigcr,  is  the  one  which  has  been  hitherto 
most  extensively  used ;  but  u  Sprengel's  pump  is  preferred  by 
some 
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The  average  composition  of  this  gas  is  in  the  two  kinds  of 
bloo«t  as  foDows : 

From  xoo  vols.  may  be  obtained 

Of  ojtygen,  of  carbonic  acid,      of  nitr\)geiu 

Of  Arterial  Blood,  20  t'*^  vols.  39  (y*^  vols.  1  to  2  vols. 
Of  VcnouiJ  Blood,  8  to  1 2  <<»  *^  *°)  vols,  46  (J5>  vols.  i  to  a  vols. 
all  measured  at  760  mm.  and  o^  C 

It  will  be  convenient  to  consider  the  relations  of  each  of  these 
■gases  separately. 

I^Ad  rflatiotts  of  Oxygen  in  the  Blood. 

When  a  liquid  such  as  water  is  exposed  to  an  atmosphere 
containing  a  gas  such  as  oxygen,  some  of  the  oxygen  will  be  dis- 
solved in  the  water,  that  is  to  say  will  be  absorbed  from  the 
atmosphere.  The  quantity  which  i'.  su  absorbed  will  depend  on 
the  quaniity  of  oxygen  which  is  in  the  atmosphere  above;  that  is 
o  say  on  the  pressure  ^ii  the  t>xygcn  ;  the  greater  the  pressure  of 
he  oxygen,  the  larger  tl»e  amount  which  Will  be  absorbeth  If  on 
the  other  hand  water,  already  containmg  a  good  deal  of  oxygen 
dissolved  in  it,  be  exposed  lo  an  aimobpheie  containing  little  or 
o  oxygen,  the  oxygen  will  escape  from  the  water  into  the  atmo- 
phere.  The  oxygen  in  fact  whicli  is  dissolved  in  the  water  is  in 
a  state  of  tension,  the  <legree  of  tension  depending  on  the  quantity 
dissolved  ;  and  when  water  containing  oxygen  dissolved  in  it  is 
exposed  to  any  aimosphtre,  the  point  whether  the  oxygen  escapes 
from  the  water  into  the  atmosphere,  or  passes  from  the  atmo- 
sphere into  the  waier,  depends  on  whether  the  tension  of  the 
oxygen  in  the  water  is  greater  or  less  than  the  pressure  of  the 
oxygen  in  the  atmosphere.  Hence  when  water  is  exposed  lu 
oxygen,  the  oxygen  either  escapes  or  is  absorbed  until  equilibrium 
is  established  between  the  pressure  of  the  oxygen  in  the  atmosphere 
bo\e  and  the  tei>sion  of  the  oxygen  in  the  water  below.  This 
re«>ult  is,  as  far  as  mere  absorption  anci  esca)>c  are  concerned, 
quite  independent  of  what  other  gases  are  present  in  the  water 
or  in  the  atmosphere.  Suppose  a  half-litre  of  water  were  lying  at 
the  bottom  of  a  two-litre  flask,  and  that  the  atmosphere  in  the 
llask  above  the  water  was  one-third  oxygen ;  it  would  make  no 
ditTerence,  as  tar  as  the  absorption  of  oxygen  by  the  water  was 
concerned,  whether  the  remaining  two-thirds  of  the  atmosphere 
v%'as  carbonic  acid,  or  nitrogen,  or  hydrogen,  or  whether  the  space 
above   the   water   was  a  vacuum  filled   to   one-third   with   pure 


'  The  nmnben  in  brackets  represent  in  rcmnd  i)umt>eri  the  same 
isKasurecl,  according  to  the  prc«cnt  German  metlicxl,  at  a  prc^ute  v)(  i  nueXt^ 
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A  uid  B  are  two  glbss  elohrt,  coti:)rcted  by  stronj;  indi:i-rubber  tubcK  a  and  A  with  t«* 
tinulor  f  last  glo^s  A  an>J  B'-  A  i%  further  connecied  by  mcaiu  of  the  slopnyk  r  wtih  tb« 
rtreivcr  C  i-oiitsunini:  the  blood  (or  oiHcr  flaidV  10  be  anafy*ed.  and  B  by  ims^ins  of  the  sia|^ 
cock  (/   ancl   tJie  tube  /  wuh   ine   receiver  U  for  receivinij^   the  ga^e^     A   and   ti  aie  ate 


coxmcctcd  with  e.ich  other  by  tneans  of  the  stopcock*  y  and  ,r,  the  ia<ter  hem 
that  B  aliJ  fommun'icau-i  wiih  B' by  ihepai.^-vtjx  .f'.    A*  and  B' King  full  of 
cocks  k.  /.  f,  and  rf  b^itig  open  l»ul  f  s*n  J  f'  dn^ed*  <<n  raii.ng  A'  by  mtan^ 
fhe  nierniry  flif  A'  filU  A,  dnving  out  the  air  contained  to   it,  mt  •  E,  and  vo.     ...    . 

Whto  the  ii>crcui-v  li.x*.  hmth  ab  'Vcjc,  /»»  d  '»cd,  acd^  being  '  pcncd.  B'  h  in  turn  

B  »  complcidv  illlc'i  «Atih  mercury,  ail  thcolr  previously  in  it  beuig  dnv^n   rut  thrtrUKS  r> 
'    !>'     "I  '""■rin^  W.  ine  wh'Jc  of  iJie  mercury  m   B  faUs  in  D'.  and  a  vnoium 


>he 

I*  '. 
litt 


Upon 
COOi^ 

a  v;i' 


d  in  B. 


i'nrloMngr'.  bui  opening  jf.y.  and  4  and  [  wrriiift  A*, 
Ablished  in  A  and  in  the  jtiucii'  n  between  A  and  B      If  the  r^odt 
i  of  thr  bl  loj  in  C  escape  into  the  vacuutti  of  A  «iJ  B.     By  rai»ng 
.%  after  the  clmurc  uf  <r.  and  oj>enine  of  a,  the  B&se^  so  set  fre«  arc  dri^  en  from  A  iolo  Bb 
Ml  by  tkc  misinif  of  B'  fron  B.  throitgh  f  koto  toe  receivei  D,  Handing  over  ire/cury^ 


cn\¥,  II.] 


RESPIRATION. 


347 


oxygen^  Hence  is  said  that  the  absorption  of  any  gas  depends 
on  the  pariiai prtssurt  of  that  gas  in  the  atmosphere  in  which  the 
hquid  is  exposed.  This  is  true  not  only  of  oxygen  and  water, 
hilt  of  all  gases  and  liquids  which  do  not  enter  inio  chemical 
combination  with  each  other.  Different  liquids  uill  of  course 
absorb  different  gases  with  differing  readiness,  but  with  the  same 
pas  and  the  same  liquid,  the  amount  absorbed  will  depend 
directly  on  the  partial  pressure  of  the  gas.  It  should  be  added 
that  the  process  is  much  influenced  by  temperature.  Hence,  to 
state  the  matter  generally,  the  absorption  of  any  gas  by  any  liquid, 
will  depend  on  the  nature  of  the  gas,  the  nature  of  the  hqui 
the  pressure  of  the  gas,  and  the  temperature  at  which  both  stan 

Now  it  might  be  supposed,  and  indeed  was  once  suppo 
that  the  oxygen  in  the  blood  was  simply  dissolved  by  the  bl 
If  this  were  so,  then  the  amount  of  oxygen  present  in  any  given 
quantity  of  blood  exposed  to  any  given  atmosphere,  ought  to  rise 
and  fall  steadily  and  regularly  as  the  partial  pressure  of  oxygen  in 
that  umosphere  is  increased  or  diminished.  But  this  is  found  no! 
to  be  the  case.  If  we  expose  blood  containing  little  or  no  oxygen 
to  a  succession  of  atmospheres  containing  mcreasing  quantities 
of  oxygen,  we  find  that  at  first  there  is  a  very  rapid  absorption  ol 
the  available  oxygen,  and  then  this  somewhat  suddenly  ceases  or 
becomes  very  small  ;  and  \{  on  the  other  hand  we  submit  arterial 
blood  to  successively  dnninishing  pressures,  we  lind  that  for  a 
long  time  very  little  is  given  off,,  and  then  suddenly  the  escape 
becomes  very  rapid.  The  absorption  of  oxygen  by  blcKxJ  does 
not  follow  the  general  law  of  absorption  according  to  pressure. 
The  phenomena  on  the  other  hand  suggest  the  idea  that  the  oxygen 
in  the  blood  is  in  some  particular  combination  with  a  substance 
or  some  substances  present  in  the  blood,  the  combination  being 
of  such  a  kind  that  dissociation  readily  occurs  at  certain  pressures 
and  certain  temperatures.  What  is  that  substance  or  what  are 
those  substances  ? 

If  serum,  free  from  red  corpuscles*  be  used  in  such  absorp- 
tion experiments,  it  is  found  that  as  compared  \*^lh  the  emire 
f  d,  very  little  oxygen  is  absorbed,  about  as  much  as  would  be 
111  orbed  by  the  same  quantity  of  water;  but  such  as  is  absorbed 
does  follow  the  law  of  pre-isures.  In  natural  arterial  blood  the 
quantity  of  oxygen  which  can  be  obtained  from  ser\mi  is  exceed- 
ingly small ;  it  docs  not  amount  to  half  a  volume  in  one  hundred 
volumes  of  the  entire  bloud  to  which  the  scrum  belonged.  It  is 
svideni  that  the  oxygen  which  is  present  in  blood  is  m  some  way 
or  other  peculiarly  connected  with  the  red  corpuscles.  Now  the 
distinguishing  feature  of  the  red  corpuscles  is  the  preience  of 
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hsEmoglobin.  We  have  already  seen  (p.  33)  that  this  constitutes 
90  per  ceni.  of  the  ciried  red  corpuscles.  There  can  be  d  priori 
litlle  doubt  that  this  must  be  the  substance  with  which  the 
oxygen  is  assaciited  ;  and  to  the  properties  of  this  body  we  moat 
Iheretbre  direct  our  attention. 

Ilamoghbin  ;  its  properties  and  derivatives. 

When  separated  from  the  other  constituents  of  the  serum^ 
haemo^jlobin  apjiears  as  a  siibstance>  either  araorpiious  or  crystal- 
line, readily  soluble  in  water  (especially  in  warm  water)  and  in 
serum. 

Since  it  is  soluble  in  serum,  and  since  the  identity  of  the  crystals 
observ'ed  occasionally  within  the  corpuscles  with  thase  obtained  in 
other  ways  shews  that  the  hajna^lobm  as  it  exists  in  the  corpuscle  is 
the  same  thing  as  that  which  is  aititiciaily  prepared  from  bloody  it  is 
cvulcnt  that  some  peculiar  relationship  t>ctvvcen  the  stroma  and  the 
ha:moglobiu  must*  in  nnturai  blood,  keep  the  latter  from  bein^j  dis- 
solved by  the  serum.  Hence  in  preparin;^  ha?nio^lobin  it  is  necessary 
first  of  all  to  break  up  the  corpuscles.  This  may  be  done  by  the 
addition  of  chloroform  or  of  bile  suits,  or  by  repcatcily  freexing  and 
thawing.  It  IS  also  of  nclvanlage  previously  to  remove  the  alkaline 
serum,  ao  as  to  operate  only  on  the  red  corpuscles.  The  ct»rpuscles 
being  thus  broken  up,  an  aqueouii  solution  of  hicmoglobm  is  the  result. 
The  alkalinity  of  the  solution,  when  present,  being  reduced  by  the 
cautious  addition  of  dilute  acetic  acid,  and  the  solvent  power  of  the 
aqueous  medium  being  diminished  by  the  addition  of  one  fourth  us 
bulk  ot^  alcohol,  the  mixture,  set  aside  in  a  temperature  of  o'  C.  stUl 
further  to  reduce  the  solubility  of  the  ha^moglobm,  readily  crystallizes, 
when  the  blood  u^ed  is  that  of  the  dog,  cut,  horsci  rat,  guinea-pig,  &c. 
The  crystals  may  be  separated  by  dliration,  redissoKcd  in  water  and 
recr>5tallizcd. 

Haemoglobin  from  the  blood  of  the  rat,  guinea-pig,  squirrel^ 
hedgehog,  liorse,  cat,  dog,  goose,  and  some  other  anini.ds,  crystal- 
lines readily,  the  crystals  being  geiit-rally  slender  four^sided 
prisms,  belongmg  to  the  rhombic  systeni,  and  olten  appearing 
quite  acicular.  TJie  crystals  frum  the  blood  of  the  guinea-pig  arc 
octahedral,  but  also  belong  to  the  rhombic  system  ;  those  of  the! 
squirrel  are  six-sided  plates.  The  blood  of  the  ox,  sheep,  rabbit,, 
pig,  and  man,  crystallizes  with  difficulty.  Why  these  d»lferencc« 
exist  is  not  known  ,  but  the  composition,  and  the  amount  of  1 
water  of  crystallization,  vary  somewliat  in  the  crystals  obtained  1 
fjom  different  animals.  In  the  dog,  the  percentage  composition 
of  the  crystals  is,  according  to  Hoppe-Seyler  \  C.  53  85,  H.  7 '3:*, 
N.  1617,  O.  21-84,  a  039,  Fe  '43,  with  3  to  4  per  cent  of  watei 

»  Om^rsuch,  HI.  (1868)  p.  370. 
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Tlie  first  npcctruoi  of  oxyha:mo£l  >bin  is  that  of  an 
a  :^luiioD  inunaeiJtAre  betw<r«n  the  first  und  -.■- 
mfrtuity  uf  iuntuurpiion  bands  ihe  spectmm  givtL 
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of  crystallization.  It  will  thus  be  seen  that  haemoglobin  contains 
iron^  m  addition  to  the  other  elements  tisuaUy  present  in  proteid 
substances. 

The  crystals,  when  seen  under  the  microscope,  have  the  same 
bright  scarlet  colour  as  arterial  blood  has  to  the  naked  eye  ;  when 
seen  in  a  mass  they  naturally  appear  darker.  An  aqueous 
solution  of  hxmoglobin,  obtained  by  dissolving  purified  crystals 
in  distilled  water,  has  also  the  same  bright  arterial  colour.  A 
tulcrably  dilute  solution  placed  before  the  spectroscope  is  found 
to  absorb  certain  rays  of  light  in  a  peculiar  and  characteristic 
manner,  A  portion  of  the  red  end  of  the  spectrum  is  absorbed, 
as  is  also  a  nuich  larger  portion  of  the  blue  end  ;  but  what  is 
most  striking  is  the  presence  of  two  strongly  marked  absorption 
bands,  lying  between  the  solar  lines  D  and  E.  (See  Fig.  49,) 
Of  these  the  one  a,  towards  the  red  side,  is  the  thinnest,  but  the 
most  intense  and  in  extremely  dilute  solutions  is  the  only  one 
visible;  its  middle  lies  at  some  little  distance  to  the  blue  side  of 
D.  The  other,  /3,  much  broader,  lies  a  little  to  the  red  side  of  E, 
its  blue-ward  ed^e,  even  in  moderately  dilute  solutions,  coming 
close  up  to  that  hne.  Each  band  is  thickest  in  ihe  middle,  and 
gradually  thins  avvay  at  the  edges.  These  two  absorption  banits 
are  extremely  characteristic  of  a  solution  of  hcemoglobin.  Even 
in  very  dilute  solutions  both  bands  are  visible  (they  may  be  seen 
in  a  thickness  of  1  cm.  in  a  solution  containing  i  grm.  of  haemo- 
globin in  10  litres  of  w\iter),  and  that  when  scarcely  any  of  the 
extreme  red  end,  anti  very  liule  of  the  blue  end,  is  cut  off.  They 
then  a]>pear  not  only  faint  but  narrow.  As  the  strength  of  the 
solution  is  increased,  the  bands  broaden,  and  become  more 
intense ;  at  the  same  time  both  the  red  end,  and  still  more  the 
blue  end,  of  the  whole  spectrum,  are  encroached  upon.  This 
may  go  on  until  the  two  absorption  bauds  become  fused  together 
into  one  broad  band.  The  only  rays  of  light  which  then  p^ 
through  the  baeraoglobin  solution  are  those  in  the  green  betweei 
the  united  bands  and  the  general  absorption  at  the  blue  end,  an< 
those  in  the  red  between  ihe  band  and  the  general  absorption 
the  red  end  (see  Fig.  49).  If  the  solution  be  still  further  iq^ 
creased  in  strength,  the  interval  on  the  blue  side  of  the  ban< 
becomes  absorbed  also,  so  that  tho  only  rays  which  pass  througl 
arc  the  red  rays  lying  to  the  red  side  of  D  ;  these  are  the  last  u 
disappear,  and  hence  the  natural  red  colour  of  the  solution 
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seen   by   transmitted  light.     Exactly  the  same  appearances  are 

seen  when  crystals  of  haemoglobin  are  examined  with  a  niicro- 
9pcctroscof)C.  They  arc  also  seen  when  arterial  blood  itsetl 
(diluted  with  saline  solutions  s<j  thai  the  corpu.scles  remain  in  as 
natural  condition  as  posi^ible)  is  examined  with  the  spectroscope, 
as  well  as  when  a  drop  ol  blood,  which  from  the  necessary  ex- 
posure to  air  is  always  arterial,  is  examined  with  the  microspec- 
trotcope.  In  fact,  the  spectrum  of  haemoglobin  is  the  spectrum 
of  normal  arterial  blood. 

When  crystals  of  ha!moglobin,  prepared  in  the  way  described 
abovCi  are  .»ubjccied  to  the  vacuum  of  the  mercurial  .lir-pump, 
they  give  off  a  certain  quantity  of  oxygen,  and  at  the  same  imic 
they  change  in  colour.  The  quantity  of  oxygen  given  off  is 
definite^  i  j:rm.  of  the  crystals  i;iving  off  176'  ccni.  of  oxygen'. 
In  other  words,  the  cr>'sials  of  haemoglobin  over  and  above  the 
oxygen  which  enters  iniimaicly  mto  their  composition,  (and  which 
alone  is  given  in  the  elementary  composition  staled  on  p,  348,) 
contain  another  quantity  of  oxygen,  which  is  in  loose  combination 
only,  and  which  may  be  dissociated  from  them  by  establishing 
a  sufticiently  low  pressure.  The  change  of  colour  which  ensues 
when  this  loosely  conjbmed  oxygen  is  removed,  is  characteristic ; 
the  crystals  become  darker  and  more  of  a  purple  hue,  and  at  the 
same  time  dichroic,  so  that  while  the  thin  edges  appear  green, 
thicker  ridges  are  purple. 

An  ordmary  solution  of  haemoglobin,  like  the  crystals  from 
which  it  is  formed^  contains  a  definite  quantity  of  oxygen  in  a. 
similarly  pecuhar  loose  combination  ;  this  oxygen  it  also  gives  u 
at  a  sufficienrly  low  pressure,  becoming  at  the  same  lirae  of 
purphsh  hue.  'I'his  loosely  combined  oxygen  may  also  be  r 
moved  by  passing  a  stream  of  hydrogen  or  other  indifferent  gas 
through  the  solution,  whereby  dissocjation  is  effected.  It  may 
also  be  got  rid  of  by  the  us.  of  reducing  agents.  Thus  if  a  few 
drops  of  ammonmm  sulphide  or  of  an  alkaline  solution  of  ferrous 
sulphaie,  kept  from  precipitation  by  the  presence  of  tartaric  acid  \ 
be  added  to  a  solution  of  haemoglobin,  or  even  to  an  unpurificd 
solution  of  blood  corpuscles  such  as  is  afforded  by  the  washings 
from  a  blood  clot,  the  oxygen  in  loose  combinatHm  with  :he 
haemoglobin  is  immediately  seized  upon  by  the  reducing  agent. 
This  may  be  recognised  at  once,  without  submitting  the  fluid  to 
the  airpamp,  by  a  characteristic  change  ol  colour;  from  a 
bright  scarlet  the  solution  tK'coraes  of  a  purplish  claret  colcurj 

'  Or,  1  34  me&sured  ftt  a  preanre  of  1  metre. 

•  Cf.  Hiifiicr,  7/./.  PAysi^,  CAtm.  i.  (1877)  p.  317. 

>  Sloke«,  Priw.  K^fy.  S4K,  XIII.  {if>^^),  p.  355. 


H.LMOGLOBIN. 


iBQuK   11 


when  seen  in  any  thickness^  but  grceo  when  suflFid  jntly  thin : 
the  colour  of  the  reduced  solution  is  exactly  like  that  ol'  the 
crystals  from  which  the  loose  oxygen  has  been  removed  by  ihc 
air-pump. 

Examined  by  the  spectroscope,  this  reduced  solution,  or 
solution  of  reduced  hemoglobin  as  we  may  novv  call  it,  olfers  a 
spectrum  (Fig.  49)  t-ntirely  different  from  that  of  the  unreduced 
solution.  The  two  absorption  bands  have  disappeared,  and  in 
their  place  there  is  seen  a  single,  much  broader,  but  at  the  same 
time  much  fainter  band  a,  whose  middle  occupies  a  position  about 
midway  between  the  two  absorption  bands  of  the  unreduced 
soludon,  though  the  red-ward  edge  of  the  band  shades  away 
rather  farther  towards  the  red  than  does  the  other  edge  towards 
the  blue.  At  the  same  time  the  general  absor|>iion  of  tlie  sj»ec- 
trum  is  diti'erent  from  that  of  the  unreduced  solution  ;  less  of  the 
blye  end  is  absorbed,  Kven  when  the  solutions  become  tolerably 
concentrated,  many  of  the  bluish  green  rays  to  the  blue  side  of 
the  single  band  still  pass  through.  Hence  the  dift'erence  in  coloui 
between  hjemoglobin  which  retains  the  loosely  combined  oxy^^en  % 
and  haemoglobm  which  has  lost  its  oxygen  and  become  reduc-d. 
In  tolerably  concentrated  solutions,  or  tolerably  thick  layers,  the 
former  lets  through  the  red  and  the  orange-yellow  rays,  the  latter 
the  red  and  the  bluish-green  rays.  Accordingly,  the  one  appears 
scarlet,  the  other  purple.  In  dilnie  solutions,  or  in  a  thin  layer, 
the  reduced  haemoglobin  lets  thro  ugh  so  much  of  the  green  ravs 
that  they  (ireponderatc  over  the  red,  and  the  resulting  impression 
is  one  of  green.  In  the  unreduced  h^moglubin  or  oxyhaemoglobin, 
the  potent  yellow  which  is  blocked  out  m  the  reduced  haemoglobin 
makes  itself  felt,  so  that  a  very  thin  layer  of  haemoglobin,  as 
in  a  single  corpuscle  seen  under  the  microscope,  appears  yellow 
rather  than  red. 

^Vhtin  the  haemoglobin  solution  (or  crystal)  which  has  lost  its 
oxygen  by  the  action  either  of  the  air-pump  or  of  a  reducing 
ngent  or  by  the  passage  of  an  indifferent  gas,  is  exposed  to  air 
containing  oxygen,  an  absorption  of  oxygen  at  once  lakes  place. 
If  sufficient  oxygen  be  ])rL'sent,  the  whole  of  the  hemoglobin 
seizes  upon  its  compknieni,  each  gramme  taking  up  in  combi- 
nation 176  (•>«)  ccm.  of  oxygen;  il  there  be  an  insufficient 
quantity  of  oxygen,  a  j^art  oidy  of  the  haemoglobin  gets  its 
liUowancc  and  the  reuiainder  continues  reduced.     If  the  amount 

*  For  brevity's  sake  wc  may  call  the  hgetnoglohin  containim;  oxygen  in  loose 
cnnibinatinn^  axyhifmogh^hiHy  and  the  haemoglobin  frutn  winch  this  loosely 
combined  oxygen  ha£»  been  remuved,  reduced  hiemoglobin  or  Minply  hanxM>> 
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of  oxygen  be  sufficient,  the  solution  (or  crystal^  as  it  takes  up  the 
oxygen^  regains  its  bright  scarlet  colour,  and  its  characteristic 
absorjjiion  spectrum,  the  single  band  being  replaced  by  the  two. 
Thus  if  a  solution  of  oxyhaeraoglobin  in  a  test-lube  after  being 
reduced  by  the  ferrous  salt,  and  shewing  the  purple  colour  and 
the  single  band,  be  shaken  up  with  air,  the  bright  scarlet  colour 
at  once  returns,  and  when  the  fluid  is  placed  before  the  spec- 
troscope^  it  is  seen  that  the  single  faint  broad  band  of  the 
reduced  haemoglobin  has  wholly  disappeared,  and  that  in  its 
place  are  the  two  sharp  thinner  bands  of  the  oxyhaemoglobin. 
If  left  to  stind  in  the  test-tube  the  quantity  of  reducing  agent  still 
present  is  generally  sufficient  again  to  rob  t!ie  haemoglobin  of  the 
oxygen  thus  newly  acquired,  and  soon  the  scarlet  hue  fades  back 
again  into  the  purple,  the  two  bands  giving  place  tt>  the  one. 
Another  shake  and  exposure  to  air  will  howe%er  again  bring  back 
the  scarlet  hue  and  the  two  bands;  rnd  once  more  these  may 
disappear  In  fact,  a  few  drops  of  the  reducing  fluid  will  allow 
this  game  of  taking  oxygen  from  the  air  and  giving  it  up  to  the 
reducer  to  be  played  over  and  over  again,  and  at  each  turn  of 
the  game  the  colour  shifts  from  scarlet  to  purple,  and  from  purple 
to  scark-r,  while  the  two  bands  exchange  for  the  one,  and  the  one 
for  the  two. 

Colour  of  venous  and  arterial  Blood.  Evidently  we 
have  in  these  properties  of  haemoglobin  an  explanation  q(  at  least 
one-half  of  the  great  respiratory  process,  and  they  teach  us  the 
meaning  of  the  change  of  colour  which  takes  place  when  venous 
blood  becomes  arterial  or  arterial  venous.  In  venous  blood,  as  it 
issues  from  the  right  ventricle,  the  oxygen  present  is  insufficient 
to  satisfy  the  whole  of  the  hjemoglobin  of  the  red  corpuscles; 
much  reduced  haemoglobin  is  present,  hence  the  purple  colour  of 
venous  blood. 


When  ordinary  venous  blood,  diluted  without  access  of  oxygen,  is 
brought  l>efore  the  spectroscope,  the  two  bands  of  oxyhaanoglobm  arc 
seen.  l*his  is  explained  by  the  fact  that  in  a  mixture  of  oxyhemo- 
globin and  (reduced)  haemoglobin,  the  two  sharp  bands  of  the  former 
are  always  much  more  readily  seen  than  the  much  fainter  band  of  the 
latter.  Now  in  ordinary  venous  blood  there  is  always  some  loose 
oxygen,  removable  by  diminished  pressure  or  otherwise;  there  is 
always  some,  indeed  a  considerable  quantity,  of  oxyhicmoglobin  as 
well  .-u  (reduced)  haemoglobin.  It  is  only  in  the  last  stages  of  asphyxia 
tliat  all  the  loose  oxygen  of  the  blood  disappears  ;  and  then  the  two 
bands  of  the  oxyhaemoglobin  vanish  too.  So  distinct  arc  ihc  two 
bands  of  even  a  small  quantity  of  o):yha:moglobin  in  the  midst  of 
F.  P.  2^ 
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large  quantity  of  haemoglobin  that  a  solution  of  (completely  reduced) 
haemojjlubin  may  be  used  as  a  test  for  the  presence  of  oxygen  \ 

As  the  blood  passes  ih rough  the  capillaries  of  the  lungs,  this 
reduced  haemoglobin  takes  from  the  pulmonary^  air  its  comjjlcmc! 
of  oxygen,  all   or  nearly  all  the  haemoglobin  of  the  reil  corjiuscU 
becomes  oxy-hsemoglobin,  and  the  purple  colour  forthwith  shii 
into  scarlet 

The  haemoglobm  of  arterial  blood  is  saturated  or  nearly  «atnrii<:J 
with  oxygen.  By  increasing  tlie  pressure  of  the  oxygen,  an  addui«.iij.d 
quantity  may  be  driven  into  the  blood,  but  this  is  etiecied  by  simple 
absorption.  The  quantity  so  added  is  extremely  small  compared  wuh 
the  total  quanlit.  combined  with  the  haemoglobin,  but  its  physiological 
importance  is  increased  by  its  being  present  at  a  high  tension. 

Passing  from  the  left  ventricle  to  the  capillaries,  some  of  the 
oxyhsemoglobin  gives  up  its  oxygen  to  the  tissues,  becomes 
reduced  haemoglobin,  and  the  blood  in  consequence  becomes 
once  more  venous,  with  a  purple  hue*  Thus  the  red  corpuscles 
by  virtue  of  their  hsemoglobin  are  empliatically  oxygen-carriers. 
Undergoing  no  intrinsic  change  in  itself  the  haemoglobin  combines 
in  tlie  lungs  with  oxygen,  which  it  carries  to  the  tissues  ;  these, 
more  grectly  of  oxygen  than  itself,  rob  it  of  its  charge,  and  the 
reduced  hDemoglobin  hurries  back  to  the  lungs  in  the  venous 
blood  for  another  portion.  The  change  from  venous  to  arterial 
blood  is  then  in  part  (for  as  we  shall  see  there  are  other  events 
as  well)  a  peculiar  combination  of  haemoglobin  with  oxygen,  while 
tlie  change  from  arterial  to  venous  is,  in  part  also,  a  reduction 
of  oxyhsemogiobin  ;  and  the  ditierence  of  colour  between  venous 
and  arterial  blood  depends  almost  entirely  on  the  fact  that  the 
reduced  haemoglobin  of  the  former  is  of  purple  colour,  while  the 
oxy haemoglobin  of  the  latter  is  of  a  scarlet  colour. 

Thers  may  be  other  causes  of  the  change  of  colour,  but  these  are 
wholly  subsidiary  and  unimportant.  When  a  corpuscle  swells,  its  rc- 
fcictive  power  is  diminished,  and  in  consequence  the  number  of  rays 
M-hich  pass  into  and  are  absorbed  by  it  are  increased  at  the  expense  ol 
those  reflected  from  its  surface  ;  anything  thcrerore  which  swells  the 
corpuscles,  such  as  the  addition  of  water,  tends  to  darken  blood,  and 
anything,  such  as  a  concentrated  saline  solution,  which  causes  the 
corpuscles  to  shrink,  tends  to  brighten  bloud.  Carbonic  acid  has 
apparenUy  some  inllucnce  in  swcllmg  the  corpuscles,  and  therefore  may 
aid  in  darkening  the  venous  blood 

We  have  spoken  of  the  combination  of  haemoglobin  with 
oxygen  as  being  a  peculiar  one.     The  peculiarity  consists  in  the 

*  Hoppe-Scylcr,  2/,/.  Physiol,  Chem.  I.  (1877)  p.  Ul, 
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facts  that  the  oxygen  may  be  associated  and  dissociated,  without 
any  general  disturbance  of  the  molecule  of  haemoglobin,  and  that 
dissociation  may  be  brought  about  very  readily.  Hpemoglobin 
combines  in  a  wholly  similar  manner  with  other  gases.  If  carbonic 
oxide  t>e  passed  through  a  solution  of  hyemoglubin,  a  change  of 
colour  takes  place,  a  peculiar  blmi»h  tinge  making  its  appearance. 
At  the  same  time  the  spectrum  is  altered ;  two  bands  are  still 
vbible,  but  on  accurate  measurement  it  is  seen  that  they  are 
placed  more  toward*:  the  blue  end  than  arc  the  otherwise  similar 
bands  of  oxyhaemoglobin  (see  Fig.  41;).  When  a  known  quantity 
of  carbonic  oxide  gas  is  sent  through  a  haemoglobin  solution,  it 
will  be  found  on  examination  that  a  certain  amount  of  the  gas  has 
been  retained,  an  equal  volume  of  oxygen  appearmg  m  its  place 
in  the  gas  which  issues  from  the  solution.  If,  the  solution  so 
treated  be  crystallized,  the  crystals  will  have  the  same  charac- 
teristic colour,  and  give  the  same  absorption  spectrum  as  the 
solution  ;  when  subjected  to  the  action  of  the  mercurial  pump, 
they  will  give  off  a  definite  quantity  of  carbonic  oxide,  i  grm.  of 
the  crystals  affording  i  76  (*^)  ccm.  of  the  gas.  In  fact, 
haemoglobin  combines  loosely  with  carbonic  oxide  just  as  it 
docs  with  oxygen ;  but  its  affinity  with  the  former  is  greater 
than  with  the  latter.  While  carbonic  oxide  readily  turns  out 
oxygen,  oxygen  cannot  so  readily  turn  out  carbonic  oxide. 
Indeed,  carbonic  oxide  has  been  used  as  a  means  of  driving  out 
and  measuring  the  quantity  of  oxygen  present  in  any  given  blood 
This  property  of  carbonic  oxide  explains  its  poisonous  nature. 
When  the  gas  is  breathed,  the  reduced  and  th^  unreduced 
haemoglobin  of  the  venous  blood  unite  with  the  carbonic  oxide, 
and  hence  the  peculiar  bright  cherry  red  colour  observable  in  the 
blood  and  tissues  in  cases  of  poisoning  by  this  gas.  The  carbonic 
oxide  haemoglobin,  however,  is  of  no  use  in  respiration  ;  it  is  not 
an  oxygen  carrier,  nay  more,  it  will  not  readily,  though  it  does 
90  slowly  and  eventually,  give  up  its  carbonic  oxide  for  oxygen, 
when  the  gas  no  longer  enters  the  chest  and  pure  air  is  supplied, 
The  organism  is  killed  by  suffocation,  by  want  of  oxygen,  in  Jipite 
of  the  blood  not  assuming  any  dark  venous  colour.  As  Bernard 
phrased  it,  the  corpuscles  are  paralysed* 

Haemoglobin  similarly  forms  a  compound,  having  a  characteristic 
spectrum  with  nitric  oxide,  more  stable  thin  that  with  carbonic  oxide, 
I  grm.  of  Ka^moglobin  uniting  with  176  (»*J4)  ccm  of  the  gas.  In  all 
these  compounds,  in  fact,  the  same  volume  of^A=i  unites  with  the  same 
quantity  of  the  substance,  and  all  three  compounds  arc  isomorphous 
Compounds  aUo  exist  between  haemoglobin  and  hydrocyanic  add. 
Nitrous  oxide  reduces  haemoglobin.  * 
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Haemoglobin  is  a  so-called  ozone-carricr.  If  to  a  mixture  of  ozonii 
turpentine  (turpentine  kept  tor  some  time)  and  tincture  ot  g^aiacuni.  a  I 
drop  of  blood  or  haemoglobin  solution  be  added,  the  turpentine  4t  once| 
oxidises  the  giiaiaciim  and  produces  a  blue  colour;  this,  before  the 
addition  of  the  haimotilobm,  it  rs  unable  to  do.  If  a  drop  of  tmcturej 
of  gutiiacum  (tlie  experiment  fails  with  many  speciniens  of  lm(.tufe)  bo| 
spread  out  and  allowed  to  dry  on  a  piece  of  while  filtering  paper,  nnd^l 
drop  of  blood  or  hiifmogiobin  solution  be  placed  on  it,  a  blue  ring  isf 
developed.  This  wa>  held  by  A.  Schmidt  to  indicate  that  the  oxygeaj 
in  combination  with  haemoglobin  was  in  an  active,  or  ozonic  condiiioiui 
Since  however  the  ex[>cnracnt  fails  when  glass  or  even  smooth  paper  iSj 
used  instead  of  filtering  paper,  it  i-i  more  than  probable  that  the  result; 
is  caused  by  a  decomposition  of  the  hainioglobin  due  to  the  porou»^ 
nature  of  the  paper'. 

Although  a  crystalline  body,  haemoglobin  diffuses  with  great 
difficulty.  This  arises  from  the  fact  that  it  is  in  part  a  pruteid 
body;  it  consists  of  a  colourless  proteid,  associated  with  a 
coloured  compound  named  /usmafin.  All  the  iron  belonging  to 
the  haemoglobin  is  in  reality  attached  to  the  h^matin.  A  solution 
of  haemoglobin,  when  healed,  coagulates,  the  exact  degree  at 
which  the  coagulation  lakes  place  depending  on  the  amount  of  i 
dilution ;  at  the  same  time  it  turns  brown  from  the  setting  free  of 
the  haematin.  If  a  strong  solution  of  haemoglobin  be  treated  with 
acetic  (or  other)  acid,  the  same  brown  colour,  from  the  apiiearance 
of  haematin,  is  observed.  The  proleid  constituent  however  is  not 
coaguhited,  but  by  the  action  of  the  acid  passes  into  the  state  of 
acid-alburain.  On  adding  ether  to  the  mixture^  and  shaking,  the 
hseraatin  rises  into  the  supernatant  ether,  which  it  colours  a  dark 
red,  and  whiCh,  examined  with  the  spectroscope,  is  found  to  possess 
a  well-marked  specinan,  the  spectrura  of  the  so-called  acid 
hasmatin  of  Stokes  (Fig.  49).  The  proteid  in  the  water  below  the 
ether  appears  in  a  coagulated  form.  In  a  somewhat  similar  man- 
ner alkalis  split  up  hsemoglobin  into  a  proteid  constituent  and 
hsematin.  The  exact  nature  of  the  proteid  constituent  has  not  as 
yet  been  clearly  determined  ;  it  was  supposed  to  be  globulin,  hence 
the  name  haematoglobulin  contracted  into  haemoglobin.  The 
proteid  which  is  precipitated  when  a  solution  of  haemoglobin  i»i 
exposed  to  the  air,  though  belonging  to  the  globulin  family,  has 
characters  of  its  own.  It  has  been  natiied  by  Preyer *  ^/^/>i.  It! 
is  free  from  ash.  Ha^malin  when  separated  from  its  proteid 
fellow,  and  purified,  appears  as  a  dark-brown  amorphous  powder, 
or  as  a  scaly  mass  with  a  metallic  lustre,  having  the  probable  com- 
position  of  Cjj,  Hj4,  N^,  Fe,  O5.     It  is  readily  soluble  in  dilute 

■  Pfliiger,  FJluget^s  Archiv^  X.  (1875)  p.  25a. 
*      •  Dh  Blui'KrystalU^  1 87 1, 
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iline    solutions,  and    then    gives   a    characteristic    spectrum 

49)- 

An  interesting  feature  in  haematin  is  that  its  nlkalim  solution  is 
capable  of  being  reduced  by  reducing  agents,  the  spectrum  changing 
^t  the  same  time,  and  that  the  reduced  solution  will,  like  the 
?moglobin,  take  up  oxygen  again  on  being  brought  into  contact 
Ith  air  or  oxygen.  This  would  seem  to  indicate  that  the  oxygcn- 
»lding  power  of  haemoglobm  is  connected  exclusively  with  its 
^matin  constituent.  By  the  action  of  strong  sulphuric  acid  hxmatin 
ly  be  robbed  of  all  its  iron,  it  still  retains  the  fenture  oi  possessing 
colour,  the  solution  of  iron  free  hasmatin  being  a  dark  rich  brownish 
red ;  but  is  no  longer  capable  of  combining  loosely  with  oxygen. 
This  indicates  that  the  jron  is  m  some  way  associated  with  the 
peculiar  respiratory  functions  of  haemoglobin  ;  though  it  is  obviously 
an  error  to  suppose,  as  was  once  supposed,  that  the  change  from 
venous  to  arteriaJ  blood  consists  essentially  in  a  change  from  a  ferrous 
to  a  ferric  salt. 

Though  not  crj^stallizable  itself,  hsematin  forms  with  hydro- 
chloric acid  a  compound^  occurring  in  minute  rhombic  cr)'Stalb,  the 
to-called  bacmin  crystals. 

The  spcctnim  of  haematin  in  an  alkaline  solution  (Fig.  49)  gives  one 
broad  band  to  the  red  side  of  the  line  D.     Tire  blue  end  of  the  spec- 
trum suffers  much  absorption,  and  since  the  chamcteristic  single  band 
is  faint,  and  only  seen  in  concentrated  solutions,  the  whole appeanince 
of  the  spectrum  of  hcematin  is  far  less  strikmg  than  that  of  bsemo> 
globin.    The  solutions  are  dlchroic,  of  a  reddish  brown  in  a  thick,  and 
of  an  olive  green  in  a  thin  layer.     The  spectrum  of  reduced  hacmatin  is 
marked  by  two  faint  bands  to  the  blue  side  of  the  single  band  of  the 
unreducca  hxmatin ;  there  is  at  the  ¥^amc  time  less  absorption  of  the 
blue  end.  The  spectrum  of  the  so-called  acid  hcematin,  i.e.  of  hsematin 
cparcd,  as  spnken  of  above,  by  treatment  with  acetic  acid  and  ethrr^ 
marked  by  a  very  characteristic  and  easily  seen  band,  a,  in  the  red, 
blue  side  of  C  (Kig.  49),  the  other  band*  (i8,  y^  h)  shewn  in  the 
being  les^  easily  seen.     This  so-called  haematin  band  readily 
rs  when  haemoglobin  is  acted  upon  by  weak  acids,  and  hence  is 
seen  when  carbonic  acid  is  passed  for  sometime  through  haemoglobin. 
A  wholly  similar  band,  however,  makes  its  appearance  when  blood  is 
'I  upon  for  some  time  by  ammonium  sulphide,  or  when  blood  is 
Acd  to  stand  for  any  length  of  time,  or  after  the  action  of  weak 
s  ;  in  these  cases  it  is  supposed  to  indicate  the  existence  cif  ^ 
hcticil  body    mcthaemoglobin,    an    intermediate    stage  which 
ii^ii>i>'^'lobin  is  supposed  to  pass  through  on   its  way  to  be  split  up 
to  baiiiatin  and  the  proteid  body.     When  haematin  or  harmoglobin 
dissolved  in  concenir.tted  sulphuric  acid,  a  spectrum  is  obtained,  on 
iluting  with  the  acid,  rcscmblmg  but  in  some  points  differing  from 
at   of  acid  haematin  as  given  in  Fig.  4t.     The  iron-free  haematin, 
obtained  by  precipitating  with  a  large  quantity  of  water  the  solutiOB 
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of  haemaiin  or  haemoglobin  in  concentrated  sulphuric  acid,  also  giirs 
in  aminoniacal  and  ia  acetic  acid  solutions  spectra  dififeriTi"  m  m.nof 
points  only  from  the  same  spectrum.      Preyer'  belicve>  es' 

acid  hsematin,  i.e.  the  substance  m  solution  in  thecihtTari  uod 

treated  with  acetic  acid,  is  in  reality  iron-free  hasmatin,  or,  a^s  he  pr*s 
fers  to  call  it,  hamatoin.  Harmaiin  also  fonns  a  special  compound 
with  a  characteristic  spectrum,  when  acted  on  by  potassium  cyaniie. 
Hoppe-Scyler'by  treating  rerluccd  ha?mo;^lobjn  with  acid?  or  f'kVtf, 
in  ihe  total  absence  of  oxygen^  obtained  a  colouring   !  b  a 

characteristic  spectrum,  to  which  he  gave  the  name  of  hsen  -  ,;cn» 

regardmg  it  as  the  substance,  forming  part  of  haemoglobin,  wni.h  by 
oxidation  passes  hiio  hsemaun. 
• 
In  conclusion,  the  condition  of  oxygen  in  the  blood  is  as 
follows.  Of  the  whole  quaiuily  of  oxjgen  in  the  blood,  onlj  a 
minute  fraction  is  simply  absorbed  or  dissolved,  according  to  the 
law  of  pressures  (the  Henry- Dalton  law).  The  great  mass  is  in  a 
state  of  combination  with  the  htEinoglobin,  the  connection  being 
of  such  a  kiod  that  while  the  haemoglobin  readily  combines  with 
the  oxygen  of  the  air  to  which  it  is  exposed,  dissociation  readily 
occurs  at  low  pressures,  or  in  the  presence  of  indifferent  gases*  of 
by  the  action  of  substances  having  a  greater  affinity  for  oxygen 
than  has  hnemoglobin  itself.  The  difterence  between  venous  and 
arterial  blood,  as  for  as  oxygen  is  concerned,  is  that  while  in  ihe 
latter  there  is  an  insignificant  quantity  of  reduced  haemoglobin,  in 
the  Ibrnier  there  is  a  great  deal ;  and  the  characteristic  colours  at 
venous  and  arterial  blood  are  in  the  main  due  to  the  fact  tliat  the 
colour  of  rediiceil  haemoglobin  is  purple,  while  tliat  of  oxyhaenio 
globin  is  scarlet. 


Th€  Relathns  of  the  Carbonic  Acid  in  the  Blood, 


The  presence  of  carbonic  acid  in  the  blood  appears  to  be 
determined  by  concHlions  raore  complex  in  their  nature  and  at 
present  not  so  well  understood  as  those  which  determine  the 
presence  of  oxygen.  The  carbonic  acid  is  not  simply  dissolved 
in  the  blood;  its  absorption  by  blood  does  not  follow  the  law  ot 
pressures.  It  exists  in  association  with  some  substance  or  sub- 
stances in  the  blood,  and  its  escape  from  the  blood  is  a  process  of 
dissociation.  We  cannot  however  speak  of  it  as  being  associated 
like  the  oxygen  with  the  haemoglobin  of  the  red  corpuscles.  So 
far  from  the  red  corpuscles  containing,  as  is  the  case  wnth  the 
oxygen,  the  great  mass  of  the  carbonic  acid,  the  q'jantity  of  this 
gas  which  is  present  in  a  volume  of  serum  is  actually  greater  than 

•  Die  BlutKrystalU  (1871)  p.  181. 
■  Unttrfuch.,  IV.  (1871)  S40. 
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ihat  which  is  present  in  an  equal  volume  of  blood,  i.e.  an  equal 
rolume  of  mixed  corpuscles  and  serum. 

When  scrum  is  subjected  to  the  mercurial  vacuum,  by  far  the 
greater  part  of  the  carbonic  acid  is  given  off;  but  a  small  ad- 
ditional quantity  (2  to  5  vols,  per  cent.)  may  be  extracted  by  the 
subsequent  addition  of  an  acid.  This  latter  portion  may  be 
spoken  of  as  '  fixed '  carbonic  acid  in  distinction  to  the  larger 
*  locHie  *  portion  which  is  given  off  to  the  vacuum.  When  how- 
ever the  whole  blood  is  subjected  to  the  vacuum,  all  the  carbonic 
acid  h  given  off,  so  that  when  serum  is  mixed  with  corpuscles 
all  the  carbonic  acid  may  be  spoken  of  as  *  loose  ' ;  and  according 
to  Frcdcn'cq «,  the  excess  of  carbonic  acid  in  scrum  over  that 
present  in  entire  blood,  corresponds  to  the  fixed  portion  in  serum 
which  has  to  be  driven  off  by  an  acid.  Moreover,  though  the 
quantity  of  carbonic  acid  in  blood  is  less  than  that  in  an  equal 
volume  of  serum,  the  (aision  of  the  carbonic  add  in  blood  is 
rcalcr  than  in  serum. 

Putting  these  facts  together  it  seems  probable  that  the  carbonic 
exists  associated  with  sonje  substance  or  substances  in  the 
»enini,  but  that  the  conditions  of  its  associition  (ami  therefore  of 
its  dissociation)  are  determined  by  the  action  of  some  substance 
or  substances  present  in  the  corpuscles.  It  is  further  probable 
that  the  association  of  the  carbonic  acid  in  the  serum  is  with 
Hodium  as  sodium  bicarbonate,  and  it  is  even  possible  that  the 
hamoglobin  of  the  corpuscles  plays  a  part  in  promoting  the  dis- 
sociation of  the  sodium  bicarbonate  or  even  the  carbonate,  and 
thus  keeping  up  the  carbonic  acid  tension  of  the  entire  blood. 
But  further  investigations  are  necessary  before  the  matter  can  be 
said  to  have  been  placed  on  a  wholly  satisfaaory  footing. 


Gaule'  puts  fonvard  the  view  that  a  constituent  of  the  red  cor- 
puscles (prob.ibly  the  haemoglobin)  possesses  an  affinity  for  sodium 
carbonate,  and  by  continually  withdrawing  this  from  the  serum,  pro- 
moter the  dissociation  of  the  bicarbonate  and  the  setting  free  of  car- 
bonic acid.  He  further  suggests  that  so  lonp  as  the  tension  of  the 
carbonic  acid  in  the  senim  is  low,  the  haemoglobin  is  able  to  split  up 
even  the  simple  carbonate,  uniting  with  the  sodium,  and  setting  free 
carbonic  acid.  As  the  tension  in  the  scrum  mcreascs,  however,  he 
•upposes  this  pro:ess  to  be  reversed,  and  thu-i,  by  a  convtant  action 
and  reaction  of  hu?moglobin  and  sodium  carbonate,  the  tension  oi 
carbonic  acid  in  the  blood  is  kept  constant  J. 


«  C^mft.  Rend,  t,  S4  (1877),  p.  661,  I,  85  (1878),  p.  39, 
■  Arxhivf,  Ana$^  n.  Phys.^  1878,  Phy**  Abth.,  px.  469. 
J  Cf,  howeycr  Bert,  Compt,  Rm4,  t.  87  (1878),  p*  6aS. 


THE  CHANGES  IN  THE  LUNGS.         [BOOK  IX, 


The  Rtlatiom  of  the  Nitrogen  in  ihe  Shod. 

The  small  quantity  of  this  gas  which  is  present  in  both  arterial 
and  venous  blood  seems  to  exist  partly  in  a  state  of  simple  solu- 
tion, partly  in  some  loose  chemical  combination,  but  the  conditions 
of  the  association  are  unknown. 

Sfc,  4.     The  Respiratory  Changes  in  the  Lungs* 

The  entrance  of  Oxygen.  Wc  have  already  seen  that  the 
blood  in  passing  through  the  lungs  lakes  up  a  cert:dn  variable 
quantity  (from  8  to  12  p.  c.  vols.)  of  oxygen.  We  have  further 
seen  that  the  quantity  so  taken  up,  putting  aside  the  insignificant 
fraction  simply  absorbed,  enters  mto  direct  but  loose  combinatioii 
with  the  hjemoglobin.  We  have  also  seen  that  at  low  pressures 
the  oxygen  is  dissociated  from  the  haemoglobin  and  set  free,  b 
not  at  high  pressures.  If  the  tension  of  the  oxygen  in  the  lungs 
higher  than  the  tension  of  the  oxygen  in  the  venous  blood  of  the 
pulmonary  artery,  there  will  be  no  difficulty  in  the  reduced  haemo- 
globin of  that  blood  taking  up  oxygen  j  and  this  may  go  on  until 
the  haemoglobin  of  the  blood  in  the  pulmonarj^  capillaries  is  all 
convened  into  oxyhaemoglobin,  or  until  the  oxygen  tension  in  the 
blood  is  increased  so  as  to  be  equal  to  that  of  the  air  in  the  lungs. 
Now  the  oxygen  in  the  expired  air  amounts  to  about  i  6  p.  c, 
having  lost  4  or  5  p.  c,  in  the  lungs.  Of  course  the  air  at  the 
bottom  of  the  lungs  will  contain  still  less  oxygen.  How  much  less 
we  do  not  exactly  know,  but  we  may  probably  put  the  limit  of 
reduction  at  10  p.  c.  We  may  say  then  that  the  tension  of  the 
oxygen  in  the  pulmonary  air-cells  is  at  least  10  p.  c. — or,  to 
measure  it  in  millimetres  of  mercury,  since  the  pressure  of  the 
one  entire  atmosphere  is  760  mm.,  ^th  of  that  will  amount  to 
76  mm. 

Now  the  tension  of  oxygen  in  the  arterial  blood  of  the  dog* 
amounts  to  y^  p.  c.  (varying  from  5*6  to  2*8),  or  about  30  mm.  of 
mercury.  That  is  to  say,  the  arterial  blood  of  the  dog  exposed  to 
an  atmosphere  containing  3*9  p.  c.  of  oxygen  neither  gives  off  nor 
takes  up  any  oxygen.  The  tension  of  the  oxygen  in  the  average 
venous  blood  of  the  dog  amounts  to  2*9  p.  c.  (varying  fi*om  4*6  to 
I •4)".  Both  these  numbers  are  far  below  10  p.  c,  ;  in  fact  we  may 
suppose  the  percentage  of  oxygen  in  the  pulmonary  alveoli  to  be 
less  than  half  the  amount  stated  above,  and  yet  see  no  difficulty 
in  ordinary  venous  blood  taking  up  oxygen  while  passing  through 

'  Strassburg,  Pfluger**  ^rr^w',  VJ.  (1872)  p.  65, 

■  WolflTbcrg,  Pfluger's  ArcAm,  iv.  (1871)465,  VI.  (187a)  23, 
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the  lungs.     But  what  takes  place  when  the  tension  of  the  oxygen 
ID  the  air  is  lowered,  as  when  the  winHpipe  is  obstructed^  and 
asphyxia  sets  in  ?     It  has  been  ascertained  that  in  ihc  dog,  in  the 
last  breath  given  out  in  such  an  asph)xia,  the  expired  air  has  an 
oxygen  tension  of  2\|  p.  c,  and  when  tlie  heart  ceases  to  beat,  the 
oxygen  of  the  pulmonary  air  sinks  to  '403  p.  c.     These  tensions  are 
of  course  lower  than  that  uf  ordin.iry  vcnuus  blood,  but  ui  asphyxia 
the  blood  is  no  longer  ordinary  venous  blood  ;  instead  of  contain- 
ing a  comparatively  sni.ll  amount,  it  contams  a  large  and  gradually 
fincreasin^  amount,  of  reduced  haemoglobin.     And  as  the  reduced 
lariijoglobin  increases  in  amount,  the  oxygen  tension  of  the  venods 
>lood  decreases  ;  it  thus  keeps  below  that  of  the  air  in  the  lungs ; 
id  hence  even  the  last  traces  of  oxygen  in  the  lungs  are  taken 
up  by  the  blood,  and  carried  away  to  the  tissues.     Even  with  the 
last  heart's  beat,  when  the  oxygen  in  the  lungs  has  sunk  to  '405 
c,  the   bands  of  oxyha;mogIobin   may  still   f.>i  a  monient  be 
letectcd  in  the  blood  of  the  left  side  of  the  heart'. 

The  exit  of  Carbonic  Acid.  It  seems  natural  to  sup- 
pose that  the  carbonic  acid  wuuld  escape  by  dit!usion  from  the 
blood  of  the  alveolar  capillaries  into  the  air  of  the  alvcuh.  Hut 
in  order  that  diffusion  should  thus  take  place,  the  carbonic  acid 
tension  of  the  air  in  the  pulmonary  alveoli  must  always  be  less 
than  that  of  the  venous  blood  of  the  pulmonary  nrlcr>',  and  indeed 
ought  not  to  exceed  that  of  the  blood  of  the  pulmonary  vein. 
1*lierc  are  however  many  practical  ilifficullics  in  the  way  of  an 
exact  determination  0!  the  carbonic  acid  tension  of  the  pulmonary 
alveoli  (for  though  it  roust  be  greater  than  that  of  the  expired  air, 
it  IS  difficult  to  say  how  much  greater),  and  of  the  carbonic  acid 
tension  of  the  blood  at  the  same  time,  so  as  to  be  in  a  position  to 
compare  the  one  with  the  other.  Hence  though  the  balance  c*i 
evidence  is  m  favour  of  the  escape  of  carbonic  acid  being  sniiply 
a  process  of  dirt usion,  and  against  it  being  etfected  by  ;iny  special 
action  taking  place  in  the  alveoli,  the  matter  can  hardly  be  said  at 
present  to  be  satisfactorily  cleared  up. 

An  experiment  distinuily  in  favour  of  the  procv*^s  being  simply  one 
of  diffusiun  has  been  broujiht  forward  by  Wolffb^rg*.  1  his  obst^rver 
iniroduccil  into  the  bronchus  of  the  lun);C  of  a  dog  a  catheter,  round 
winch  wj^  arranged  a  sin  ill  bag,  by  ihe  inllaiion  of  wHt  h  the  bri*n«^hus, 
whenever  desired,  could  be  v oniplctciy  blocked  up.  lhu>,  without  any 
d^siurbanie  of  the  gcncnl  bier^thing,  and  therciore  without  any  change 
in  the  normal  proporticms  of  the  nasis  of  the  blo<id,  he  v*4S  able  to 
stop  the  ingress  ot  fre^h  air  into  .i  iiiuucd  puriion  of  ihe  lung.  TTie 
blood  |tassmg  through  the  alvcoiai  <  apdl.^ne&  of  this  limited  portion 

*  >trogai»»iw,  l*Hiigcr'»  ^rt^h',  XII.  (tS74)  p.  18,        '  Wolffberg,  o/.  n/. 
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would  naturally  possess  the  same  carbonic  acid  tension  as  the  rest  of 
thu  vcniius  blood  ll<jwiivg  through  the  pulmonary  artery,  a  tension 
which,  Uiju^h  varying  shghtly  Iroio  moment  to  moment,  would  ma:n- 
lam  :i  nonn*il  average.  On  the  suppusttum  that  carbonic  acid  passes 
simply  by  UiHTusion  trom  the  pulniunary  blood  into  the  air  of  the  alveolit 
because  the  carbonic  acid  tension  of  the  latter  is  normally  lower  than 
that  of  the  former,  one  would  expect  to  tind  that  the  air  in  the  occluded 
purlton  ol  the  lunj^j  would  cuniinuc  to  take  up  carbonic  acid  unid  an 
equilibrium  wa^  e^tabliahcl  between  it  and  the  carbonic  acid  tension 
01  the  vcnouii  blood,  and  consequently  that  if  after  an  ucclusioni  say  of 
some  minulca  (by  winch  lime  the  equiltbrium  might  fairly  be  asiunied 
to  have  been  established),  the  carbonic  a.id  tension  of  the  air  of  the 
Oucluded  portion  were  delerniincd,  it  would  be  found  to  be  equal  to,  and 
not  more  than  equal  to,  the  carbonic  acid  tension  of  the  venous  blood 
of  the  pulmonary  artery.  And  thjs  was  the  result  at  which  WoliTberg 
arrived  ;  he  found  that  the  carbonic  acid  of  the  occluded  air  and  of  the 
venous  blood  of  the  right  side  of  the  heart  were  just  about  equal ; 
allowing  lor  errors  of  observation,  the  tension  of  each  was  about 
35  p.  c. 

The  carbonic  acid  tension  of  the  venous  blood  as  determined  by 
WolfFbcrg  was  decidedly  low.  Strassburg'  makes  it  (for  the  dog)  54 
p,  c.  ;  and  the  as->umption  that  the  limit  of  the  carbonic  acid  tension  in 
the  pulmonary  alveoli  la  only  3*5  p.c,  necessitate-,  that  the  carbonic  acid 
in  the  expired  air  of  the  dog  is  less  than  this,  mu^h  less  in  (act,  than 
that  in  the  expired  air  of  man.  Moreover  in  the  normal  condition  of 
the  lung  when  the  venous  blood  is  becoming  arterial  (which  of  course 
was  not  the  case  in  the  occluded  lung),  the  conlinudnce  of  diffusion 
depends  on  the  carbonic  tension  of  the  alveoli  liavmg  for  its  limits  the 
degree  of  caroomc  acid,  nut  of  ihc  venous  but  of  the  arterial  bJood,  and 
this  Wolff  berg  puts  as  low  as  2  8  p.  c.  Consequently  the  expired  air 
(of  the  do^)  ought  to  contain  less  than  2*8  p.  c.  of  carbonic  acid,  a 
result  whrch  due^  not  ajjree  vs  ith  iho^e  of  other  observers. 

The  belief  that  sume  lo  :al  action  in  the  puluKmary  alvcoH  tempo- 
rarily raised  the  ijarbonic  acid  tension  of  the  blood,  as  it  piised  through 
the  alveohir  capillaries,  above  that  of  the  venous  blood  flowing  along 
the  trunk  of  the  pulmonary  artery,  was  originally  based  on  Bccher's 
conclusion  (see  aitreu  p.  342)  that  in  man  at  least  the  carbonic  acid 
tension  ot  the  pu!monar\'  alveoli  is  as  high  as  75  or  8  p.c,  a  degree  of 
tension  which  liad  n  4  been  found  by  experiment  to  exist  in  the  normal 
venous  blood  of  any  animal,  liecher'^  results  however  are  clearly  in- 
Validated  by  the  consideration  that  m  holding  his  breath  he  neces-iarily 
increased  beyond  the  normal  the  carbonic  acid  tension  of  his  blood ; 
and  he  of  cours*  did  not  determine  the  gases  of  bis  own  blood.  Hence 
though  WolfTbcrg  s  results  seem  to  require  repetition  they  probably 
give  a  more  corre-t  view  of  the  matter. 

On  the  suppusiiion  that  the  carbonic  acid  tension  of  the  pulmonary 
alveoh  is  really  hi].;her  than  that  of  the  venous  blood  and  that  therefore 
some  additional  pmcess  is  necc^s-iry  to  piumote  the  escape  of  the 
carbonic  acid,   it  has   been,  suggested  that  the  act  of  absorption   of 
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oxygen  by  the  h«emogIobin  in  some  way  or  other  raises  temporarily 
the  same  time  ih:  carbonic  acid  tension  of  the  blood,  tx.j^r.  brin 
abfjuC  un  e\;iggeration  of  that  function  ot^  the  corpuscles  of  wb»ch 
have  already  spoken  on  p.  359.  In  support  of  ihis  it  is  stated  that  the 
carbonic  acid  tei-sion  of  venous  blood  is  greater  when  deiemiined  by 
the  agitation  of  the  blood  with  air  containing  oxygen  than  viben  air 
free  from  oxygen  is  used.  And  it  niiglu  be  urged  against  VVoItlberg'i 
rCiUlt  that  in  the  occluded  portion  of  the  lung  the  absorption  of  oxygen 
after  a  while  did  not  take  place,  as  usual,  and  that  m  cunsequence  the 
hmit  of  carbonic  acid  tension  m  the  occluded  portion  is  not  a  measure 
of  thai  of  the  normal  lung. 

It  has  also  been  suggested  that  the  escape  of  carbonic  acid 
eflfectcd  by  a  direct  activity  of  the  pulmonary  epithelium,  that  the  eel 
of  the  alveoh  actively  excrete  in  tact,  carbonic  acid.  The  urgumen 
in  favour  of  this  view  are  based  on  the  expcrimenis  of  J,  J.  Muller ', 
liho  found  that  more  carbonic  acid  was  given  off  when  venous  blood 
was  driven  through  the  pulmon  »ry  artery,  and  so  expired  to  air  in  a 
normal  manner  through  the  walls  of  the  alveoli  of  a  hving  lung,  than 
when  it  was  simply  agitated  with  air.  M 

Sf-C.  S'    1*«£  Resmratory  Changes  in  the  Tissues, 

In  passing  through  the  several  tissues  the  arterial  blood  be- 
comes once  more  venous.  A  considerable  quantity  of  the  oxy- 
bsemoglobin  becomes  reduced^  and  a  quantity  of  carbonic  acid 
passes  from  the  tissues  ir.to  the  blood.  The  amount  of  change 
varies  in  the  various  tissues,  and  in  the  same  tissue  may  vary  at 
different  times.  Thus  in  a  gland  at  rest,  as  we  have  seen,  the 
venous  blood  is  dark,  shcwmg  the  presence  of  a  large  quantity  of 
reduced  haemoglobin  ;  when  ihc  gland  is  active,  the  venous  blood 
in  its  colour^  and  m  the  amount  of  ha!moglobin  which  it  contains, 
resembles  closely  arlerial  blood.  The  blood  therefore  which 
issues  from  a  gland  at  rest  is  more  *  venous 'than  that  from  an 
jictive  gland,  though  the  total  quantity  of  carbonic  acid  formed  in 
^lven  time  may  be  greater  in  the  latter.  The  blood,  on  the 
hand,  which  comes  from  a  contracting  muscle,  is  not  only 
i  in  carbonic  acid,  but  also,  though  not  to  a  corresponding 
AiHuunt,  poorer  in  oxygen  than  the  blood  which  flows  firom  a 
muscie  at  rcsL 

In  all  the«e  cases  the  great  question  which  comes  up  for  our 
Cfmsuienition  is  this  :  Docs  the  oxygen  pass  from  the  blood  into 
tbc  tissues,  an<i  does  the  oxidation  lake  place  in  the  tissues,  giving 
rise  to  carbonic  acfd,  which  passes  in  turn  away  from  the  tissues 
into  the  blood?  or  do  certain  oxidisable  reducing  substances  pass 
fr<im  the  tissues  into  the  blood,  and  there  become  oxidized  infa 
*  lj3d^'\^%  Ar^Hitm,  1869,  p.  37. 
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carbonic  acid  and  other  products,  so  that  the  chief  oxidalion  takes 
place  in  the  blood  itself? 

There  are,  it  is  true,  reducing  oxidisable  substances  in 
blocd,  but  these  are  small  in  amount,  and  the  quantity  of  carboni 
acid  to  which  they  give  nse  when  the  blood  containing  ihem 
agitated  wiih  air  or  oxygen,  is  so  small  as  scarcely  to  exceed 
errors  of  observation. 

The  conclusion  of  Estorand  St.  Pierre,  that  the  oxygen  diminishes 
even  in  the  great  arteries  from  the  heart  outwards,  has  been  shevvn  bi 
Ptluger  to  be  bastd  on  erroneous  analyses. 

On  the  other  band,  it  will  be  remembered  that  in  speaking 
muscle,  we  drew  attention  to  the  fact  that  a  frog^s  muscle  removed 
fiom  the  body  (and  the  same  is  true  of  muscles  of  other  animals) 
contained  no  free  oxygen  whatever  ;  none  could  be  obtained  from 
it  by  the  mercurial  air-pump.  Yet  such  a  muscle  will  not  onJ 
when  at  rest  go  on  producing  and  dischargmg  a  certain  qtiantu 
but  also  when  it  coniratts  evolve  a  very  considerable  quantity 
carbonic  acid.  Moreover  this  discharge  of  carbonic  acid  will  g( 
on  for  a  certain  time  in  muscles  under  circumstances  m  which  it 
is  impossible  for  them  to  ol)tain  oxygen  from  without.  Oxygen, 
it  is  true,  is  necessary  tor  the  life  of  the  muscle :  when  venous 
instead  of  arterial  blood  is  sent  through  the  blood-vessels  of 
muscle,  the  irritability  speedily  disappears,  and  unless  fresh  oxygt 
be  adminibiered  the  muscle  soon  dies.  The  muscle  may  however^ 
(lurirg  the  interval  in  which  irritability  is  still  retained  after  the 
supply  of  oxygen  has  been  cut  oft",  contmue  to  contract  vigorously, 
The  presence  of  oxygen,  though  necessary  for  the  maintenance 
irritability,  is  not  necessary  for  the  manifeshitionoi  xha^i  irntabditjV 
is  not  necessary  for  that  explosive  decomposition  which  devfIo|>cs 
a  contraction.  A  frog's  muscle  will  continue  to  contract  and  to 
produce  carbonic  acid  in  an  atmosphere  of  hydrogen  or  nitrogen, 
that  is  in  the  total  absence  of  free  oxygen  both  from  itself  and 
Irom  the  mechum  in  which  it  is  placed.  And  a  considerable 
cjuantity  of  carbonic  acid  may  be  set  free  from  livmg  muscle  by 
simply  exposmg  it  to  the  tenipeiature  of  boiling  water",  the 
cjuaniity  being  largely  diminished  if  the  muscle  be  thrown 
immediately  before  into  a  violent  tetanus. 

Thus  on  the  one  hand  the  muscle  seems  to  have  the  property 
of  taking  up  and  fixing  in  some  way  or  other  the  oxygen  to  wl 
it  is  exiJ05e4l,  of  converting  it  into  inlra-molecular  oxygen,  in  whi 
condition  it  cannot  be  removed  by  simple  diminished  pressi 
eo  that  the  tension  of  oxygen  in  the  muscular  substance  maj 

'  Siint/iiiig,  Vmgtt's  Arckw,  xviu.  (187S)  p.  3S& 
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^risidered  as  always  nil;  while  on  the  other  hand  the  musciilar 
ibstance  is  always  undergoiiig  a  dv:composition  of  such  a  kind  ihat 
M>ni€  acid  is  set  free,  sometimes,  as  when  the  muscle  is  at  rest, 
small,  sometimes,  as  during  a  contraction^  in  large  quantities. 
But  if  the  oxygen  tension  of  the  muscular  tissue  be  thus  always 
nil  the  oxygen  of  the  blood-corpuscles,  in  which  it  is  at  a  com- 
vely  high  tension,  will  be  always  passing  over,  through  the 
,..^.aia^  through  the  capillary  walls,  the  lymph  spaces  and  the 
sarcolemma,  into  the  muscular  sybstance,  and  as  soon  as  it  arrives 
there  will  be  hidden  away  as  intra- molecular  oxygen,  leaving  the 
oxygen  tension  of  the  muscular  substance  once  more  nil.  Con- 
vcrsely,  the  carbonic  acid  produced  by  the  decomposition  of  the 
niuscular  substance  will  tend  to  raise  the  carbonic  acid  tension  of 
the  muscle  until  it  exceeds  that  of  the  blood  ;  whereupon  it  wiU 
jxiss  from  the  muscle  into  the  blood,  its  place  in  the  muscular 
substance  being  supplied  by  freshly  generated  carbonic  acid. 
There  will  always  in  fact  be  a  stream  of  oxygen  from  the  blood  to 
the  muscle  and  of  carbonic  acid  from  the  muscle  to  the  blood. 
The  respiration  of  the  muscle  then  does  not  consist  in  throwing 
into  the  blood  oxidiznble  substances  there  to  be  oxidized  into 
carbonic  acid  and  other  matters ;  but  it  does  consist  in  the 
assumption  of  oxygen  as  intra  molecular  oxygen,  in  the  building 
up  by  hflp  of  that  oxygen  of  explosive  decomposable  substances, 
and  in  the  occurrence  of  decompositions  whereby  carbonic  acid 
SLnd  other  matters  are  discharged  first  into  the  substance  of 
th^*  muscle  and  subsequently  into  the  blood.  We  cannot  as 
yet  trace  out  the  &te(>s  taken  by  the  oxygen  from  the  moment  it 
Sklips  into  its  in tra-molecular  position  to  the  moment  when  it  issues 
united  with  carbon  as  carbonic  acid.  The  whole  niystery  of 
life  lies  hidden  in  the  story  of  that  progress,  and  fcir  the  present 
wc  must  be  content  with  simply  knowing  the  beginning  and 
the  end. 

Our  knowledge  of  the  respiratory  changes  in  muscle  is  more 
complete  than  in  the  case  of  any  other  tissue  ;  but  we  have  no 
reason  to  suppose  the  phenomena  of  muscle  are  exceptional.  On 
the  contrary,  all  the  avail.ible  evidence  goes  to  shew  that  in  all 
tissues  the  oxidation  takes  place  in  the  tissue,  and  not  in  the 
adjoining  blood.  It  is  a  remarkable  fact,  tliat  lymph,  serous  fluids^ 
bile,  urine,  and  milk*  contain  a  mere  trace  of  free  or 'loosely  com 
billed  oxygen,  and  saliva  or  pancreatic  juice  a  very  small  quantity 
only  (about  5  p.  c),  while  the  tension  of  carbonic  acid  in  pcriioneal 
fluid  is  as  high  as  6  per  cent,  and  in  bile  and  uriiic  is  still  higher, 

•  1'fluger,  rnii^cr'^  AuAw,   u  (itt68)  p.  686;  tl,   {t^Og)  p.  156.     II  ppe- 
Sejler,  Z/./  PhyxwL  CJum,^  t,  (1877)  p.  xyj. 
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The  tension  of  carbonic  acid  in  lymph,  while  higher  than  that  o! 
arteriaJ  blood,  is  lower  than  that  of  the  general  venous  blood  ;  but 
this  probably  is  due  to  the  fact  that  the  lymph  in  its  passage 
onwards  is  largely  exposed  to  arterial  blood  in  the  connective  tissues 
and  in  the  lymphatic  glands,  where  the  production  of  carbonic 
acid  is  slight  as  com(xired  to  that  going  on  in  muscles  Strassburg' 
has  attempted  to  determine  the  tension  of  carbonic  acid  in  the 
intestinal  walls  ;  the  experiment  is  perhaps  open  to  objection,  but 
the  result  is  worth  recording;  he  found  the  tension  to  be  77  per 
cent.,  i.e.  higher  than  that  of  the  venous  blood  examined  at  the 
same  time.  All  these  facts  point  to  the  conclusion,  that  it  is  the 
tissues,  and  not  the  blood,  which  become  primarily  loaded  with 
carbonic  acid,  I  he  latter  simply  receivmg  the  gas  trom  the  former 
by  difl'usion,  except  the  (probably)  small  quantity  which  results 
from  the  metabolism  of  the  blood -corpuscles ;  and  that  the  oxygen 
which  passes  Irom  the  blood  into  the  (issues  is  at  once  taken  up  in 
some  combination,  so  that  it  is  no  longer  removable  by  diminished 
tension. 

As  a  matter  of  fact,  Oertmann '  has  shewn  that  if  in  a  frog,  the  whole 
blood  of  the  body  be  replaced  by  normal  saline  solution,  the  total 
metabolism  of  the  body  is,  for  some  lime,  unchanged.  The  saline 
medium  is  able,  owmg  to  the  low  rate  of  metaboli&m,  and  large  re- 
spiHitory  surfa.e  of  the  animal,  to  supply  the  tissues  with  all  the  oxygen 
they  need,  .md  to  remove  all  the  carbonic  acid  they  produce,  it  (s 
dithcult  to  believe  thitt,  in  suoh  an  experiment,  the  oxidation  took  place 
in  the  :>aline  solution  ii^cif  while  circulating  in  the  blood-vessels  and 
tissue-spaces  of  the  animal. 

We  may  add,  that  the  oxidative  power  which  the  blood  itself 
removed  from  the  body  is  able  to  exert  on  substances  which  are 
undoubtedly  oxidized  m  the  body  is  so  small  that  it  may  be 
neglected  in  the  present  considerations.  If  grape-sugar  be  added 
to  blood,  or  to  a  solution  of  haemoglobin,  the  mixture  itiay  be  kept 
lor  a  long  time  at  the  temperature  of  the  body,  without  undergoing 
oxidation^. 

Almost  the  only  indication,  and  that  an  indirect  one,  that  blood  is 
capable  ol  oxidiiing  sugar  is  to  be  lound  m  the  fact*,  that  when  the  sugar 
m  bhed  blood  is  quantitatively  detennined,  the  amount  is  greatest, 
when  the  blood  is  examined  immediately  on  leaving  the  blood-vessels, 
and   diminishes  aiterw\^rds.     Schcmenietjewski*   tound  that  sodmm 

♦  Pflugcr's  Ar<htv,  vi.  (1872^  p.  65, 

■  Flluger'*  Anhwt  XV.  (1877)  p,  381. 
3  Hoppe  iSeylcr,  Unttriuch,  1.  (1866)  p.  136. 
('873)  p.  399. 

*  bemard,  T^or^  mr  U  DiabiU,  1877,     Pavy,  Pt&c.  Roy.  Sec,,  XXVt.  (1877) 
{X  346.  ^  Ludmg's  Aibeiiettf  t868,  p.  114. 
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lactate  injected  into  the  veins  increased  the  respiratory  interchange ; 
but  that  the  increase  was  not  due  to  the  dirc:t  combustion  of  the  salt 
ID  the  blood  seems  to  be  indicated  by  the  fact  tnat  no  oxidation  of  the 
salt  took  pjarewhen  it  was  simply  exposed  to  the  action  of  shed  blood  j 
moreover  the  injection  of  lugar  did  not  even  increase  the  respiratory 
interchAnge. 

Kvcn  wiiiiin  the  body  a  slight  excess  of  sugar  in  the  blood  over 
a  certjiik  percentage  wholly  escapes  oxidation,  and  is  discharged 
unchanged.  Many  easily  oxidized  substances,  stich  as  pyrogallic 
acid,  pass  largely  through  the  blood  of  a  living  body  without  being 
0]iidi2ed.  The  organic  acids,  such  as  citric,  even  in  combination 
with  alkaline  bases,  are  only  partially  ondi/.ed  ;  when  administered 
as  acids,  and  not  as  salts,  they  are  hardly  oxidized  at  nlL  It  is  of 
course  quite  possible  that  the  changes  which  the  blood  undergoes 
when  shed  might  interfere  with  its  oxidative  action,  and  hence  the 
fact  that  shed  blood  has  little  or  no  oxidizing  power,  is  not  a 
satisfactory  proof  that  the  unchanged  blood  within  the  living 
vessels  may  not  have  such  a  powcn  But  did  oxidation  take  place 
largely  in  the  blood  itself,  one  would  ex|jcct  even  highly  diffusible 
substances  to  be  oxidized  in  their  transit ;  whereas  if  we  suppose 
the  oxidation  to  take  place  in  the  tissues,  it  becomes  intelligible 
wby^uch  diffusible  substances  as  those  which  the  (issues  in  general 
refuse  to  take  up  largely,  should  readily  pass  unchanged  from  the 
blood  through  the  secreting  organs. 

We  have  seen  that  in  muscle  ihe  production  of  carbonic  acid  is 
not  directly  dependent  on  the  consumption  of  oxygen.  The  muscle 
produces  carbonic  acid  in  an  atmosphere  of  hydrogen.  What  is 
true  of  muscle  is  true  also  of  other  tissues  and  of  the  body  at  large. 
Spallanzani  and  W.  Edwards  shewed  long  ago  that  animals  might 
continue  to  breathe  out  caibonic  acid  in  an  atmosphere  of  nitrogen 
or  hydrogen  ;  and  recently  Pfiiiger  *  has  shewn,  by  a  remarkable 
experiment,  that  a  frog  kept  at  a  low  temperature  will  live  for 
several  hours,  and  conimue  to  produce  carbonic  acid,  in  an  atmo- 
sphere absolutely  free  from  oxygen.  The  carbonic  acid  produced 
during  this  period  was  made  by  help  of  the  oxygen  inspired  in  the 
hours  anterior  to  the  commencement  of  the  experiment.  The 
oxygen  then  absorbed  was  stowed  away  from  the  haemoglobin  into 
the  tissues,  it  was  made  use  of  to  build  up  the  explosive  com- 
pounds, whose  explosions  later  on  gave  rise  to  the  carbonic  acid; 
or,  to  adopt  Plliiger's  simile,  the  oxygen  helps  to  wind  up  the  vital 
c]ock  ;  but  once  wound  up  the  clock  will  go  on  for  a  period  without 
further  winding.  The  frog  will  continue  to  live,  to  move,  to 
produce  carbonic  acid  for  a  while  wiihout  any  fresh  oxygen,  as  we 
•  PfliiscrtyJfr-4iV,  X,  (1875)  p.  251. 
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know  of  old  it  will  without  any  fresh  food ;  it  will  continue  to  do 
so  till  the  explosive  compounds  which  the  oxygen  built  up  ate 
exhausted  ;  it  wHll  go  on  till  the  vital  clock  has  run  down. 

To  sum  up,  then,  the  results  of  res[)iration  in  its  chemu 
aspects.  As  the  blood  passes  through  the  lungs,  the  low  oxyg* 
tension  of  the  venous  blood  permits  the  entrance  of  oxygen  frui 
the  air  of  the  pulmonary  alveolus,  through  the  thin  alveolar  wal 
through  the  thin  capillary  sheath,  through  the  thin  layer  of  blood- 
plasma,  to  the  red  corpuscle,  and  the  reduced  h*eaioglobtn  of  the 
venous  blood  becomes  wholly,  or  all  but  wholly,  oxyhaemoglobio. 
HuiTied  to  the  tissues,  the  oxygen,  at  a  comparativtly  high  tension 
in  the  arterial  blood,  passes  largely  into  them.  In  the  tissues,  the 
oxygen  tension  is  always  kept  at  an  exceedingly  low  pitch,  by  the 
fact  that  they,  in  some  way  at  present  unknown  to  us,  pack  away 
at  every  moment  into  some  stable  combination  each  molecule  of' 
OxygL^n  which  they  receive  from  the  blood.  With  much  but  not 
all  of  its  oxy  ha^moglubin  reduced,  the  blood  passes  on  as  venous 
blood.  How  much  haemoglobin  is  reduced  will  depend  on  the 
activity  of  the  tissue  itself.  The  quantity  of  haemoglobin  in  the 
blood  is  the  measure  of  limit  of  the  oxidizing  power  of  the  body 
at  large ;  but  within  that  limit  the  amount  of  oxidation  is 
determined  by  the  tissue,  and  by  the  tissue  alone.  l 

Though  the  quantity  of  carbonic  acid  expired  (p.  342)  may  be  tempo 
nirily  increased  by  an  increase  of  the  respirat'^ry  niovcmcnts,  this, 
according  to  PHuger^  is  to  be  regarded  as  the  result  of  increased  venu-i 
lation  rather  than  of  inLrra:.cd  metal>'hc  production.  This  ph)siolo«l 
gist  *  has  brought  forward  ^ntrong  evidence  m  lavour  of  the  view  urgedl 
by  him,  that  neither  tht  extent  of  the  rcbpintury  movements  nor  ihd 
velocity  of  the  t!ow  of  blood  are  to  be  regarded  as  prime  factorJ 
delerminmg  the  amount  of  general  meuibolisin.  It  is  according  tfli 
hun  the  quicker  metabolism  which  determmcs  the  more  a  :tive  circulaiioaj 
and  the  more  vigorous  respiration  ;  not  vice  vtrsd,  | 

We  cannot  trace  the  oxygen  through  its  sojourn  in  the  tissue. 
We  only  know  that  sooner  or  later  it  comes  back  coml>ined  ittj 
carbonic  acid  (and  other  matters  not  now  wnder  consideratiouM 
Owmg  to  the  continual  production  of  carbonic  acid,  the  tension  ofl 
that  giis  in  the  extravascular  elements  of  the  tissue  isalwav^  higlirii 
than  that  of  the  blood  ;  the  gas  accordingly  passes  from  the  ttssuiJ 
into  the  blood,  and  the  venous  blood  passes  on  not  only  with  ilsl 
hiemoglobin  reduced,  i.t.  with  its  oxygen  tension  decreased,  butl 
also  with  its  carbonic  acid  tension  increased.  Arrived  at  the  lungs^j 
the  blood  finds  the  pulmonary  air  at  a  lower  carbonic  acid  ten^iotu 

*  Ifliiuer's  Artkiv^  vi.   (187a)  p.  43  ;  X.   (1875)  p.   351  ;  XIV.  (1877)  p,  tj 
Finkler*  ibtd,  X.  p.  368      Fiiikler  and  Oertmanu,  ibid.  xiv.  p.  38^  I 
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itself.  The  gas  accordingly  streams  through  the  thin  vascular 
•nd  alveolar  walls,  till  the  tension  without  the  blood-vessel  is 
equal  to  the  tension  within.  Thus  the  air  of  the  pulmonary 
aJvcoIi»  having  given  up  oxygen  to  the  blood  and  taken  iip 
carbonic  acid  from  the  blood,  having  a  higher  carbonic  acid  tension 
and  a  lower  oxygen  tension  than  the  tidal  air  in  the  bronchial 
passages,  mixes  rapidly  with  this  by  diffusion.  The  mixture  is 
further  assisted  by  ascending  and  descending  currents;  and  the 
tidal  air  issues  from  the  chest  at  the  breathing  out  poorer  in  oxygen 
and  richer  in  carbonic  acid  than  the  tidal  air  which  entered  at  the 
breathing  in. 

Sec  6.    The  Nervous  Mechanism  of  Respiration* 

Breathing  is  an  involuntary  act.  Though  the  diaphragm  and 
all  the  other  muscles  employed  in  respiration  are  voluntary  muscles, 
i>.  musclfs  which  can  be  called  into  action  by  a  direct  effort  of 
the  will,  and  though  respiration  may  be  modified  within  very  wide 
limits  by  the  will,  yet  we  habitually  breathe  without  the  intervention 
of  the  will :  the  normal  breathing  may  continue,  not  only  in  the 
absence  of  consciousness,  but  even  after  the  removal  of  all  tlie 
parts  of  the  brain  above  the  medulla  oblongata. 

We  have  already  seen  how  complicated  is  even  a  simple  respi- 
tatory  acL  A  very  large  number  of  muscles  are  called  into  play. 
Many  of  these  are  very  far  apart  from  each  other,  such  as  the 
phragm  and  the  nasal  muscles;  yet  they  act  in  harmonious 
ence  in  point  of  time.  If  the  lower  intercostal  muscles  con- 
ed before  the  scaieni,  or  if  the  diaphragm  contracted  while 
other  chcsi-musclcs  were  enjoying  an  interval  of  restt  the 
tisfactory  entrance  and  exit  of  air  would  be  impossible.  These 
usclcs  moreover  are  coordinated  also  in  respect  of  the  amount  of 
their  several  contractions  ;  a  Kcntlc  and  ordinary  contraction  of 
the  diaphragm  is  accompanied  by  gentle  and  ordinary  contractions 
of  the  mietcosials,  and  these  are  preceded  by  gentle  and  ordinary 
contractions  of  the  scaleni.  A  forcible  contraction  of  the  scaleni, 
followed  by  simply  a  gentle  contraction  of  the  intercostals,  would 
hinder  ratlier  than  assist  inspiration.  Further,  the  whole  complex 
Inspirator)'  effort  is  often  followed  by  a  less  marketl  but  still 
complex  expiratory  action.  It  is  impossible  that  all  these  so 
HsAiIly  coordnn.ated  museulur  contractions  should  be  brought 
Hbut  in  any  other  way  than  by  coordinate  ner\ous  impulses 
descending  along  efferent  nerves  from  a  coordinating  centre.  By 
experiment  we  find  this  to  be  the  case. 

Wlten  in  a  rabbit  the  trunk  of  a  phrenic  nerve  is  cut,  the 
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diaphragm  on  that  side  remains  motionless,  and  respmUtoii  goes 
on  Without  it  When  both  nerves  are  cut,  the  whole  dtaplanigin 
remains  quiescent,  though  the  respiration  becomes  excessively 
laboured 

The  occasional  slight  Tbythmic  movements  of  the  diaphragm 
served  by  Brown-S^quard,  after  section  of  the  phrenic,  interesting 
from  another  point  of  view,  do  not  militate  against  the  above 
statemenL 

When  an  intercostal  nerve  is  cut  no  active  respiratory  mov< 
ment  is  seen  in  that  space^  and  when  the  spinal  cord  is  divided' 
below  the  origin  of  the  seventh  cervical  spinal  nerve^cosul  respira- 
tion ceases^  though  the  diaphragm  continues  to  act  and  that  with 
increased  Arigour.    When  the  cord  is  divided  just  below  the  medulla, 
all  thoracic  movements  cease,  but  the  respiratory  actions  of  the 
nostrils  and  glottis  still  continue.     These  however  disappear  whenl 
the  facial  and  recurrent  laryngeal  are  divided.     We  have  alread/j 
staled  that  after  removal  of  the  brain  above  the  medulla,  rcspiraH 
tion  still  continues  very  much  as  usual,  the  modifications  which] 
ensue  from  loss  of  the  brain  being  unessential.     Hence,  puiiinjjl 
all  these  facts  together,  it  is  clear  that  in  respiration,  coordinatea] 
impulses  do,  as  we  suggested,  descend  from  the  medulla  along  thej 
several  tflcrent  nerves.     The  proof  is  completed  by  the  fact  that 
the  removal  or  injury  of  the  medulla  alone  at  once  stops  all  respi- 
ratory movements,  even  though  ever)'  muscle   and  every  nerve, 
concerned  be  left  intact.     Nay  more,  if  only  a  small  portion  of] 
the  medulla,  a  tract  whose  limits  are  not  as  yet  exacUy  fixed*  but] 
which  lies  below  the  vaso-motor  centre,  between  it  and  tht  ca/amusi 
scripiorivs^  be  removed  or  injured,   respiration  ceases  for  ever,! 
though  every  other  part  of  the  body  be  left  intact'.     When  this  I 
spot  is  excised  or  injured,  breathing  at  once  ceases,  and  since  the  ' 
inhibitory  vagus  centre  is  generally  at  the  same  lime  stimulated, 
and  the  heart's  beat  arrested,  death  ensues  instantaneously.  Hence 
this  portion  of   the   nervous  system  was  called  by  Flourens  the 
vital  knot,  or  ganglion  of  life,  nccud  vital.     We  shall  speak  of  it  as 
the  respiratory  centre.        i  he  nature  of  this  centre  must  6e  ex- 
ceedingly complex;  for  while  even  in  ordinary  respiration  it  gives! 
rise  to  a  whole  gruup  of  coordinate  nervous  impulses  of  inspiration  , 
followed  in  due  sequence  by  a  smaller  but  still  coordinate  group 
of  expiratory   impulses,   in  laboured    respiration  fresh  and   larger  J 
impulses   are  generated,    though    still   in    coordination   with   thej 

■  Strieker,    IVien,   Situtngs^-ithi^  Bd.    75  (1877)  P-   ®»   ^"**  ^c"»  hi  dm 
poisoned  by    antiarin,    mpbatory    eflfoits    after    division    of    the   medoiiiJ 
oblont^ata.  I 
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normal  ones,  the  expiratory  events  being  especially  augmented  ; 
and  in  the  more  extreme  cases  of  dyspnoea  and  asphyxia  impulses 
overflow^  so  to  speak,  Irom  it  in  all  directions,  though  only 
gradually  losing  their  coordination^  until  almost  every  muscle  in 
the  body  is  thrown  into  contractions. 

The  first  question  we  have  to  consider  is.  Are  we  to  regard 
the  rhythmic  action  of  this  respiratory  centre  as  due  esseniially  to 
changes  taking  place  in  itself,  or  as  due  to  afferent  nervous 
impulses  or  other  stimuli  which  affect  it  in  a  rhythmic  manner 
from»^ithoui  ?  In  other  words,  Is  the  action  of  the  centre  auto- 
matic or  purely  reflex?  We  know  that  the  centre  may  be  influenced 
by  impulses  proceeding  from  without,  and  that  the  breathing  may 
be  affected  by  the  action  of  the  will,  or  by  an  emotion,  or  by  a 
dash  of  cold  water  on  the  skin,  or  in  a  hundred  other  ways ;  but 
the  fact  that  the  action  of  the  centre  may  be  thus  modified  from 
without,  is  no  proof  that  the  continuance  of  its  activity  is  depen- 
dent on  extrinsic  causes. 

In  attempting  to  decide  this  question  we  naturally  turn  to  the 
pneumogastric  as  being  the  nerve  most  likely  to  serve  as  the 
channel  of  afferent  impulses  setting  in  action  the  respiratory 
centre.  If  both  vagi  be  divided,  respiration  still  continues  though 
in  a  mollified  form.  This  proves  distinctly  that  afferent  impulses 
ascending  those  nerves  are  not  the  efficient  cause  of  the  respiratory 
movements.  We  have  seen  that  when  the  spinal  cord  is  di>'idcd 
below  the  medulla,  the  facial  and  laryngeal  movements  still 
continue.  This  proves  that  the  respiratory  centre  is  still  in  action, 
though  its  activity  is  unable  lo  manifest  itself  in  any  thoracic 
movement  But  when  the  cord  is  thus  divided  the  respiratory 
centre  is  cut  off  from  all  sensory  impulses,  save  those  which  may 
pass  into  it  from  the  cranial  nerves ;  and  the  division  of  these 
rranial  nerves  in  no  way  destroys  respiration.  Hence  it  is  clear 
that  the  respiratory  impulses  proceeding  from  the  respiratory 
centre  are  not  simply  aflerent  impulses  reaching  the  centre  along 
afferent  nerves  and  transformed  by  reflex  action  in  that  centre. 
They  evidently  start  de  nm^o  from  the  centre  itself,  however  mnch 
their  characters  may  be  affected  by  afferent  impulses  rxraching  that 
centre  at  the  time  of  their  being  generated.  The  aciion  of  the 
centre  is  automatic,  not  simply  reflex. 

Among  the  afferent  impulses  which  affect  the  automatic  action 
of  the  centre,  the  most  important  arc  those  which  asceni  .ilong 
the  vagi  If  one  vagus  be  divided,  the  respiration  becomes 
!dower]  if  both  be  divided,  it  becomes  very  slow,  the  pauses 
between  expiration  and  inspiration  being  excessively  prolonged. 
The    character  of   the   respiratory   movement   too   is   markally 
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changed,  each  respiration  is  fuller  and  deeper,  so  much  so  that 
what  is  lost  in  rate  is  gained  in  extent,  the  amount  of'carbonic 
acid  produce*!  and  oxygen  consumed  in  a  given  period  remaining 
after  divibion  ui  the  nerves  about  the  same  as  when  they  were 
intact  It  is  evident  from  this,  in  the  first  place,  that  during  life 
afterent  impulses  are  continually  ascending  the  vagi  and  modifying 
the  action  of  the  respiratory  centre,  and  in  the  second  place,  that 
the  modification  bears  simply  on  the  distribution  in  time  of  the 
elferent  respiratory  impulses,  and  not  at  all  on  the  amount  to 
which  they  are  generated.  These  afferent  impulses  are  probably 
started  in  the  lungs  by  the  condition  of  the  blood  in  the  pulmonary 
capillaries  acting  as  a  stimulus  to  the  peripheral  endings  of  the 
nerves,  though  possibly  the  altered  air  in  the  air-cells  may  also 
act  as  a  stimulus  on  the  nerve-endings. 

It  has  been  suggested  that  the  mere  movements  of  expansion  and 
contraction  may  also  serve  as  a  stimulus.  According  to  Hering  and 
Breuer  \  when  air  is  mechiinicaDy  driven  into  the  chest,  an  expiraiorf 
movement  foilows,  and  when  air  is  drawn  out,  an  inspiratory  ;  and  ll  "* 
not  only  with  aimospheric  air  but  with  indifferent  gasca,  su:h 
nitrogen;  when  both  vagi  are  cut,  these  effects  do  not  appear.  They" 
infer  from  this,  that  tlie  mere  mechanical  expansion  of  the  lungs 
tran?;mits  nlong  the  vagus  an  impulse  tending  to  inhibit  inspiration 
and  to  generate  an  expiration,  and  the  mechanical  contraction  of  the 
lungs  an  impulse  tending  to  inhibit  expiration  and  to  generiLte  an  in* 
spiration.  Hence  according  to  them  the  very  expansion  ojf  the  lungs, 
which  i*  the  natural  effect  of  an  inspiration,  tends  of  itself  to  cut  shoitj 
that  inspiraiion  and  to  inaugurate  the  sequent  expiration,  and  simihirll 
the  contraction  of  an  expiration  promotes  the  following  inspiratjoiul 
They  speak  in  fact  of  the  lungs  as  being  so  far  s.elf- regulating.  This 
view,  however,  though  very  interesting,  can  perhaps  hardly  at  present 
be  regarded  as  proved'. 

When  the  central  stump  of  one  of  the  divided  vagi  is  sltniu- 
lated  with  a  gentle  interrupted  current,  the  respiration,  which  from 
the  division  of  the  nerves  had  become  slow,  is  quickened  again 
and  with  care,  by  a  proper  application  of  the  stimulus,  the  norm4 
respiratory  rhythm  may  for  a  time  be  restored.  Upon  the" 
cessation  of  the  stimulus,  the  slower  rhythm  returns.  If  the 
current  be  increased  in  strength,  the  rhythm  may  in  some  cases  be 
so  accelerated  that  at  last  the  diaphragm  is  brought  into  a  condition 
of  prolonged  tetanus,  and  a  standstill  of  respiration  in  an  extreme 
inspiratory  phase  is  the  result 

If  the  central  end  of  the  superior  laryngeal  branch  of  the 
iragus  be  stimulated,  whether  the  main  trunk  of  the  nerve  be 

>  IViett.  SUtungsbericAf,  Nov.  5,  1868, 
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severed  or  not,  a  slowing  of  the  respiration  takes  place,  and  this 
may  by  proper  stimulation  be  c.imcd  so  tar  that  a  complete  stand- 
still of  respiration  in  the  phase  of  rest  is  brought  about,  i.e.  the 
respiratory  apparatus  remains  in  the  condition  which  obtains  at 
the  close  of  an  ordinary  expiration,  the  diaphragm  being  com- 
pletely relaxed.  In  other  words,  the  superior  laryngeal  nerve 
cx>ntains  fibres^  the  stimulation  of  which  produces  afferent  im- 
pulses whose  effect  is  to  inhibit  the  action  of  the  respiratory- 
centre;  while  the  main  trunk  ol  the  vagus  contains  fibres,  the 
stimulation  of  which  produces  afferent  impulses  whose  effect  is  to 
accelerate  or  augment  the  action  of  the  respiratory  centre.  In 
some  cases  stimulation  of  the  main  trunk  of  the  vagus  also  causes 
a  slowing  or  even  standstill  of  the  respiration,  especially  when  the 
nerve  has  become  exhausted  by  previous  stimulation.  We  may, 
for  the  present  at  least,  explain  these  results  by  supposing  that 
while  the  superior  laryngeal  contains  only  inhibitory  fibres,  the 
main  tnink  of  the  vagus  contains  both  accelerating  and  inhibitory 
fibres,  the  former  however  greatly  preponderating.  While,  from 
the  results  of  simple  section  of  the  main  trunk,  it  is  clear  that  the 
accelerating  fibres  are  continually  at  work,  it  is  not  so  clear  that 
the  inhibitory  fibres  are  always  in  action,  since  SL-ciion  even  of 
both  superior  laryngeals  does  not  necessarily  quicken  respiration. 

The  statement  made  above,  if  not  wholly  salisfactor)*,  has  at  least 
the  merit  of  reconciling  conlhciing  siatcmcnts.  For  a  long  time  a 
controversy  was  earned  on  between  those  authors  who  mmntained 
that  stimulation  of  the  central  end  of  the  vagus,  when  the  nerve  was 
divided  in  the  neck^  brought  about  a  tetanic  contraction  of  the 
4>iphragni  and  so  had  an  inspiratory  cffejr,  /ini  those  who  observed 
■%  complete  relaxation  to  follow  upon  stimulation,  and  so  regarded 
the  effect  as  expiratory.  We  are  indebted  to  Rosenthal*  for  pointmg 
out  the  contrast  between  the  action  of  the  main  trunk  of  the  vagus 
and  that  of  the  superior  laryngeal  branch ;  and  the  view  just  put 
forward  in  the  text  is  in  the  main  that  of  ko^enthiil,  except  tliat  he 
denies  the  existence,  admitted  by  most  other  observers',  of  any 
inhibitory  fibres  in  the  main  trunk.  We  further  owe  to  Rosenthal  a 
consistent  Cheory  of  the  manner  in  which  the  vagus  acts  on  the  re- 
spiratory centre.  According  to  him  wc  mny  regard  the  respiratory 
centre  as  the  scat  of  two  conflicting  forces,  one  tending  to  generate 
rcspirator>'  impulses,  and  the  other  offering  resistance  to  the  generation 
of  these  impulses,  the  one  and  the  other  alternately  gaining  the  victory 
and  thus  leading  to  a  rhythmic  discharge.  The  afferent  impuLscSr 
passing  upward  along  the  main  trunks  of  the  vagi  are  further  to  be 
locdced  upon  as  acting  not  on  the  generation  of  impulses  but  on  the 

•  Die  Athembeufe.:iungm^  1 862,  and  da  Boi«-Rcymoad'i^rij4n',  1S64,  p  45^>; 
Ifi65.  p.  I9J  ;  1870.  p.  423, 
"  Cf.  Barkaut,  Pfliiger's  AtrAiv,  XVI.  {1S78)  p.  437. 


NERVOUS  MECHANISM. 


[book  1L 


resistance  oHered  by  the  ccnire,  diminishing  that  resistance  m  pro* 
portion  to  their  intensity.  Hence  when  the  vagi  arc  divided,  the 
central  rcstsunce  is  increased,  owing  to  the  absence  of  the  usual 
afferent  impulses  tending  to  diminish  that  resistance  ;  m  conscaiien  c» 
the  respiratory  impulses  Like  a  longer  time  in  gathering  hea^!  i 

to  overcome  the  increased  resistance,  and  therefore  are  les?  :, 

though  the  discharge  when  it  does  occur  is  proportionutt^ly  mure 
forcible.  StimtiUiion  of  the  dtvided  vagi  on  the  other  hand,  by  in- 
creasing the  afferent  impulses  and  so  diminishing  the  central  resistance, 
renders  the  discharges  more  frequent.  The  impulses  which  asrend  to 
the  medulla  along  the  superior  larj  ngcal  branches  may  in  like  manner 
be  regarded  as  increasing  the  central  resistance,  and  thus  as  inhibitory 
ot  the  respiratory  dischiu-gc. 

It  IS  obvious  that  this  theory,  though  constructed  chiefly  with  the 
view  of  explaining;  inspiratory  iinpuKes  and  their  inhibition^  must,  in 
order  to  be  satisfactory,  also  include  the  consideration  of  discmcdy 
expiratory  impulses.  For  in  laboured  respiration  Wf  must  m  some 
way  or  other  admit  the  existence  of  specific  expira  ory  impulses,  ai>d 
if  Hering  and  Breuer's  view  be  <  -  rrect,  the  v.igus  must  even  iii 
ordinary  brcaihing  be  the  channel  of  stimuli  ^hich  excite  cxpirat 
impulses.  Many  writers  regard  the  sianustill  which  is  produced 
stimulation  of  the  superior  laryngeal  nerve  as  an  expiratory  effect,  an 
indeed  frequently  speak  of  it  as  an  '  expiratory  standstill'  But  it  is 
obvious  that  a  distinction  ought  to  be  made  between  a  state  of  thin_ 
in  which  there  is  a  complete  absence  of  all  respiratory  muscular  activit 
and  in  which  the  chest  remains  in  a  condition  of  passive  rest,  and  one 
in  whiLh  the  ihest  is  maiutrfined  in  a  hxcd  condition  by  the  continued 
coniractiun  of  certain  expiratory  muscles  ;  it  is  the  latter  which  is  the 
true  expiratory  siandsiill,  the  antithesis  of  the  inspiratory  standstill,  in 
which  the  diaphragm  remains  in  tetanic  contraction.  The  inhibition 
of  inspiratory  impulses  is,  however,  the  natural  precursor  of  expiratory 
impulse?,  and  Jt  would  seem  that  the  same  impulses  whi  :b  bring  about 
a  standstill  of  mspiiation,  may  v»hen  increased  in  strength  give  rise  to 
movements  of  a  distinctly  expirator>*  character.  Thus  vtimu.aiion  of 
the  superior  laryngeal  branch  when  carried  beyond  the  strrngtli 
necessary  to  inhibit  inspiratioi  ,  may  give  rise  to  contraction  o  ilie 
alxlomtnal  muscles  indicative  of  expiratory  efforts.  We  may  thcrrforc 
complete  the  hypothesis  of  the  respiratory  centre,  by  supposing  »t  to 
consist  of  an  inspiratory  part  and  an  cApiratory  pjrti  so  disposed 
reference  to  e;ich  oiher,  that  the  impuhes  which  tend  to  excite  the  o 
part  tend  at  the  same  time  to  inhibit  the  other  part,  and  Tke  ven 
the  expiratory  tract  however  being  less  irritable  than  the  inspiralury 
tract,  so  that  the  latter  is  thrown  imo  action  firat,  and  the  former 
comes  into  play  to  any  very  appreciable  effect  only  when  comparatively 
strong  stimuli  are  brought  to  bear  upon  it'. 

Stimulation  of  the  central  end  of  the  inferior  recurrent  larjn^eal  19 
said  to  have  an  inhibitory  effect  like  that  of  the  superior  laryngeal, 
but  much  slighter '. 

•  Ru^eiilhol,  Auiifmat,  iVervtrt' Centra^  I^7S» 
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This  double  or  alternate  respiratory  action  of  the  vagi  may  be 
taken  as  in  a  general  way  illustrative  of  the  manner  in  which  other 
aiTerent  nerves  and  various  parts  of  the  cerebram  are  enabled  to 
mfluence  respiration,  this  or  that  afferent  impulse,  started  by  a. 
stimulus  applied  to  the  skin  or  elsewhere,  or  by  an  emotion  and 
the  like,  playing,  according  to  circumstances,  now  an  inhibitory 
now  an  accelerating  part.  As  wc  know  from  daily  experience,  of 
all  the  apsychical  nervous  centres,  the  respiratory  centre  is  the 
one  which  is  most  frequently  and  roost  deeply  affected  by  nervous 
impulses  from  various  quarters. 

Acc'>rding  to  LangcndJorff ',  wea'<  sMmuLitioi  of  any  sensory  ncfve 
produces  acceleration,  st-ong  stimulation  inhibition  or  slowing  of 
respiration*  It  is  ab>uri  to  suppose  ihit  every  sensory  nerve  contiins 
distinct  acclcrating  and  inhibitory  fibre>  connected  with  the  respiratory 
centre.  And  the  existence  of  two  KUaes  of  respiratory  fibres  \n  the 
va.'US  or  i's  branches  must  be  regarde'l  in  the  same  provisional  sense 
as  the  existence  of  distinct  vaso  dilator  and  vaso-constrictor  fibres. 

The  one  thing,  however,  which  above  others  affects  the 
respiratory  centre,  is  the  condition  of  the  blood  in  respect  to  its 
respiratory  changes ;  the  more  venous  (less  arterial)  the  blood,  the 
greater  is  the  aciivit)^  of  the  respiratory  centre.  When  by  reason 
cither  of  any  hindrance  to  the  entrance  of  air  into  th^  chest,  or  of 
a  greater  respiratory  activity  of  the  tissues,  as  during  muscular 
exertion,  the  blood  becomes  less  arterial,  more  venous,  Le.  with  a 
smaller  charge  of  oxyhaemoglobin  and  more  heavily  laden  with 
carbonic  acid,  the  respiration  from  being  normal  becomes  laboured. 
This  effect  of  deficient  arterializatiun  of  blood  is  very  different 
from  that  of  section  of  the  vagi ;  it  is  no  mere  change  in  the 
distribution  of  impulses;  the  breathing  is  quicker  as  well  as 
deeper,  there  is  an  increase  of  tho  sum  of  efferent  impulses 
proceeding  firom  the  centre,  and  the  expiratory  impulses,  which  in 
normal  respiration  are  very  slight,  acquire  a  pronounced  im- 
portance* As  the  blood  becomes,  in  cases  of  obstruction,  less 
and  less  arterial,  more  and  more  venous,  the  discharge  from  the 
respiratory  centre  becomes  more  and  more  vehement,  and  instead 
of  confining  itself  to  the  usual  tracts,  and  passing  down  to  Che 
ordinary  respiratory  muscles,  overflows  into  other  tracts,  puts  into 
action  other  muscles,  until  therj  is  perhaps  hardly  a  muscle  in  the 
body  which  is  not  made  to  feel  its  effects.  And  this  discharge 
may,  as  we  shall  see  in  speaking  of  asphyxia,  continue  till  the 
nervous  energy  of  the  respiratory  centre  is  completely  exhausted. 
The  effect  of  venous  blood  then  is  to  augment  ihc^e  natural 
explosive   decompositions  of   the   nerve-cells   of  the  respiratun- 

•  itiUk,  a,  rf.  K'^Htgsher^r  pKytiol,  Lab,^  1878,  p.  33. 


centre  which  give  rise  to  respiratory  impulses ;  it  increases  llieir 
amount,  and  also  quickens  their  rhythm.  The  latli^-r  change  how- 
ever is  always  much  less  marked  than  the  former,  the  respiration 
in  dyspncea  tjcing  much  more  deepened  than  hurried,  and  the 
several  respiratory*  acts  are  never  so  much  hastened  as  to  catch 
each  other  up,  and  so  to  produce  an  inspiratory  tetanus  like  that 
resulting  from  stimulation  of  the  vagus.  On  the  contrary,  espe» 
cially  as  exhaustion  begins  to  set  in,  the  rhythm  becomes  slower 
out  of  proportion  to  the  weakening  of  the  individual  movements. 

There  seem  to  be  two  distinct  kiriis  of  dyspnoea.  In  one  v/'vh  in- 
creased depth  the  rhylhni  is  not  proportionately  quickened  or  may 
cve<»  be  diminished.  Thus  in  the  dy^pno^a  caused  by  section  erf  the 
phrenic  nerves,  the  rhythm  falls  notably  *.  In  the  other,  v^hich  may  be 
cal  ed  ihe  asthmatic  type,  the  rhythm  is  hurried,  while  the  depth 
each  breath  is  not  incre  sed  but,  in  many  cases  at  least,  diminished. 

On  the  other  hand,  the  blood  may  be  made  not  more  but  less 
venous  than  usual,  This  condition  may  be  brought  about  by  an 
animal  being  made  to  inspire  oxygen,  or  to  breathe  for  a  time 
more  rapidly  and  more  forcibly  than  the  needs  of  the  economy 
require.  If  in  a  rabbit  artificial  respiration  is  carried  on  very 
vigorously  for  a  while  and  then  suddenly  stopped,  the  animal  does 
not  immediately  begin  to  breathe.  For  a  variable  period  no 
respiration  takes  plate  at  all,  and  when  it  does  begm  occurs  gently 
and  normally,  only  passing  into  dyspnoea  if  the  animal  is  unable 
to  breathe  of  itself,  and  then  quite  gradually.  Evidently  during 
this  period  the  respiratory  centre  is  in  a  stale  of  complete  rest,  no 
explosions  arc  taking  place,  no  respiratory  impulses  are  being 
generated,  and  the  qmet  transition  from  this  condition  to  that  of 
normal  respiration  shews  that  the  subsequent  generation  of 
impulses  is  attended  by  no  grtat  disturbance.  The  cause  of  this 
state  of  things,  which  is  known  as  tliat  of  apncea^  is  to  be  sought 
for  in  the  condition  of  the  blood.  By  the  increased  vigour  of  the 
artificial  resjiiratory  movements  the  hemoglobin  of  the  arterial 
hlootl,  which  is  naturally  not  quite  saturated,  becomes  almost 
completely  so,  and  the  dissolved  oxygen  is  increased,  its  tension 
being  largely  augmented.  Respiration  is  arrested  because  the 
blood  is  more  highly  arteriali/ed  than  usiiaL  Thus  we  have  in 
apncea  the  converse  to  dyspncea  ;  and  both  states  point  to  the 
same  conclusion,  that  the  activity  of  the  respiratory  centre  is 
dependent  on  the  condition  of  the  blood,  being  augmented  when 
the  blood  is  less  arterial  and  more  venous,  being  depressed  when 
it  is  more  arterial  and  less  venous  than  usual. 
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The  qiieshon  now  arises,  Does  this  condition  of  the  blood 
affect  the  respiratory  centre  directly,  or  does  it  produce  its  effect 
by  stimulating  the^  peripheral  ends  of  a(Tt.*rent  nerves  in  various 
parts  of  the  body,  and,  by  the  creation  there  of  afferent  impulses, 
indirectly  modify  the  action  of  the  centre?  Without  denying  the 
possibility  that  the  latter  mode  of  action  may  help  in  the  matter, 
as  regards  not  only  the  vagi,  but  all  afferent  nerves,  it  is  clear  from 
the  following  reasons  that  the  main  effect  is  produced  by  the 
direct  action  of  the  blood  on  the  respirator)*  centre  itself.  If  the 
spinal  cord  be  divided  below  the  medulla  oblongata,  and  both 
vagi  be  cut,  want  of  profn^r  aeration  of  the  blood  still  produces 
aR  increased  activity  of  the  resj»iratory  cenre,  as  shewn  by  the 
increased  vigour  of  the  facial  respiratory  movements.  If  the 
supply  of  blood  be  cut  off  from  the  medulla  by  ligature  of  the 
blood-vessels  of  the  neck,  dyspncea  is  produced,  though  the 
operation  produces  no  change  in  the  blood  generally,  but  simply 
affects  the  respiratory  condition  of  the  medulla  itself,  by  cuttmg 
off  its  blood-supply,  the  immediate  result  of  which  is  an  accu- 
mulation of  carbonic  acid  and  a  paucity  of  available  oxygen  in  the 
protoplasm  of  the  nen'e-cells  in  that  region.  If  the  blood  in  the 
carotid  arter)'  in  an  animal  be  warmed  above  the  normal,  dyspncea 
is  at  once  produced.  The  over-warm  blood  hurries  on  the 
activity  of  the  nerve-cells  of  the  respiratory  centre,  so  that  the 
normal  supply  of  blood  is  insufficient  for  their  needs.  The 
condition  of  the  blood  then  affects  respiration  by  acting  directly 
on  the  respiratory  centre  itself. 

Deficient  aeration  produces  two  effects  in  blood  :  it  diminishes 
the  oxygen,  and  increases  the  carbonic  acid.  Do  both  of  these 
changes  affect  the  respiratory  centre,  or  only  one,  and  if  so, 
which?  When  an  animal  is  made  to  breathe  an  atmosphere 
containing  nitrogen  only,  the  exit  of  carbonic  acid  by  diffusion  is 
not  affected,  and  the  blood,  as  is  proved  by  actual  analysis, 
contains  no  excess  of  carbonic  acid'.  Yet  all  the  phenomena  of 
dyspnoea  are  present  In  this  case  these  can  only  be  attributed  to 
the  defiaency  of  oxygen.  On  the  other  hand,  if  an  animal  be 
made  to  breathe  an  atmosphere  rich  in  carbonic  acid,  but  at  the 
same  time  containing  abundance  of  oxygen,  though  the  breathing 
becomes  markedly  deeper  and  also  somewhat  more  frequent,  there 
is  no  culmination  in  a  convulsive  asphyxia,  even  when  the 
quantity  of  carbonic  acid  in  the  blood,  as  shewn  by  direct  analysis, 
is  very  largely  increased*.  On  the  contrary  the  increase  in  the 
respiratory   movements  after  a  while   passes    off,     the    animal 

*   Pflugcr,  rflutjer'5  ArcAiv,  I,  (l8l>gy  p.  6l, 

■  Dohmea,  Vnifrsmh,  a,  d.  Physic*  IaK  in  Bonn,  1865.     Pfliiger,  j^.  raf. 
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becoming  unconscious,  and  appearing  to  be  suffering  rather  from 
a  narcotic  poison  than  from  simple  dyspncea.  It  does  not  seetn 
certain  that  the  increased  respiratory  movemenfts  seen  at  first  arc 
the  direct  result  of  the  action  of  the  carbonic  acid  on  the  respira- 
tory centre ;  it  is  possible  that  the  carbonic  acid  may  aflfect  the 
respiratory  centre  in  an  indirect  way,  by  stimulating  the  respiratory 
passages,  or  by  its  action  on  higher  parts  of  the  brain  j  and  in  alt 
cases  there  is  a  marked  contrast  between  the  slow  development  and 
evanescent  character  of  the  hyperpncea  of  carbonic  add  poisonings 
and  the  rapid  onset  and  speedy  culmination  in  convulsions  and 
death  of  the  dyspnoea  due  to  the  absence  of  oxygen.  There  can 
in  fact  be  no  d  >ubt  that  the  action  of  deficiently  artcrializcd  blood 
on  the  respiratury  centre,  as  manifested  in  an  augmentation  of  ihc 
respiratory  explosions,  is  due  primarily  to  a  want  of  oxygen,  aod 
in  a  secondary  manner  only  to  an  excess  of  carbonic  acid, 

Cheyne-Stokes  Respiration.  A  remarkable  abnornial  rhythm  of 
respiration,  first  obsetved  by  Cheyne '  but  afterwards  more  fully 
studied  by  Stokes"  and  hence  called  by  their  combined  names,  occurs 
in  certain  pa<hological  cases.  The  respinitory  movements  gradually 
decrease  both  in  extent  and  rapidity  until  they  cease  altogether,  and  a 
condition  oi  apnoea,  lasting  it  may  be  fcir  several  seconds,  ensues. 
This  is  followed  by  a  feeble  respiration,  succeeded  in  turn  by  a  some* 
what  stronger  one,  and  thus  the  respiration  returns  gradually  to  the 
norm=U»  or  may  even  rise  to  hyperpncea  or  slight  dyspncea  after  which 
it  again  declines  in  a  similar  manner.  A  secondary  rhythm  of  respi- 
ration is  tlius  developed,  perimls  of  normal  or  slightly  dyspnoeic 
respiration  alternating  by  gradual  tranbitions  with  periods  of  apncea. 
The  cause  of  the  phenomena  is  not  thoroughly  understood.  Stokes 
connected  it  with  a  fatty  condition  of  the  heart*  but  it  has  been  met 
wrth  in  various  maladies.  Schiff '  objcrvcd  it  as  the  re^u't  of  com- 
pression of  the  medulla  oblongata  ;  and  closely  similar  [<henomena 
have  been  observed  during  sleep,  under  perfectly  normal  conditions  *. 
It  presents  a  striking  analogy  w.th  the  *  groups  *  of  heart-beats  so 
frequently  seen  in  the  frog's  ventricle  placed  under  abnormal 
circumstances. 


Sec.  7.    The  Effects  op  Respiration  on  the  Circulation, 

I  We  have  seen,  while  treating  of  the  circulation,  that  the  blooii- 
pressure  curves  are  marked  bv  undulations,  which,  since  their 
rhythm  is  synchronous  with  that  of  the  respiratory  movements,  arc 

.evidently  in  some  way  connected  with  respiration.     An  analysts  0/ 

'  Dtt^hn  Hotpital  Reports,  II.  (1816)  p.  ai, 

■  Sec  Durases  0/  Hearty  &c.,  1 854,  p.  324, 

»  Lt/trb.,  1858,  p.  324. 

♦  a.  Mo«so,  Arth.  Amai.  u.  PA^s.,  1878^  Phyi.  Abth.  pw  441. 
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these  undulations  shews  that  their  causation  is  complex ;  several 
events  apparer*ly  may  combine  to  bring  them  about 

When  the  b...un  of  a  living  mammal  is  exposed  by  the  removal 
of  the  skull,  a  rhythmic  rise  and  fall  of  the  cerebral  mass,  a 
pulsation  of  the  brain,  quite  distinct  trom  the  movements  caused 
by  the  pulse  in  the  arteries  of  the  brain,  is  observed  ;  and  upon 
examination  it  will  be  found  that  these  movements  are  synchronous 
with  the  respiratory  movements,  the  brain  rising  up  during  expira- 
tion and  sinking  during  inspiration.  They  disappear  when  the 
arteries  going  to  the  brain  are  ligaturtfd,  or  when  the  venous 
sinuses  of  the  dura  mater  are  laid  open  so  as  to  admit  of  a  free 
escape  of  the  venous  blood.  They  evidently  arise  from  the 
expiratory  niovements  in  some  way  hindering  and  the  inspiratory 
movements  assisting  the  return  of  blood  from  the  brain.  We  have 
already  (p.  147)  stated  that  during  inspiration  the  pressure  of  blood 
in  the  great  veins  may  become  negative,  i.t,  sink  below  the  pressure 
of  the  atmosphere ;  and  a  puncture  of  one  of  these  veins  may. 
cause  immediate  death  by  air  being  actually  drawn  into  the  vein 
and  thus  into  the  heart  during  an  inspiratory  movement.  When 
the  veins  of  an  animal  are  laid  bare  in  the  neck  and  watched,  the 
so-caJled  pulsus  v€nosus  may  be  observed  in  them,  that  is,  they 
swell  up  during  expiration  and  diminish  again  during  inspiration. 
And  indeed  a  little  consideration  will  shew  that  the  expansion  and 
•contraction  of  the  chest  must  have  a  decided  effect  on  the  flrw  of 
blood  through  the  thoracic  portion  of,  and  thus  indirectly  thr  mgh 
the  whole  of  the  vascular  system. 

The  heart  and  great  blood-vessels  are,  like  the  lungs,  placed  in 
the  air-tight  thoracic  cavity,  and  are  subject  like  the  lungs  to  the 
pumping  acrion  of  the  respiratory  movements.  Were  the  lungs 
entirely  absent  from  the  chest,  the  whole  force  of  the  expinsion  of 
the  thonajc  in  inspiration  would  be  directed  to  drawing  btood  from 
the  extra-thoracic  vessels  towards  the  heart,  and  conversely  tli*; 
leffectof  the  contraction  of  the  thorax  in  expiration  would  be  to 
drive  the  blood  bark  again  from  the  hcan  towards  the  extra-thoradc 
vcsuels.  In  the  presence  of  the  lungs  however  the  free  entrance 
of  air  into  the  interior  of  the  chest  tends  10  maintain  the  pressure 
around  the  heart  and  great  vessels  within  the  thorax  equal  to  the 
ordinfiry  atmospheric  pressure  on  the  vessels  of  the  rest  of 
the  bady  outside  the  thorax;  but  it  is  unable  completely  to 
equalize  the  two  pressures.  Did  the  air  enter  as  freely  into  the 
lungs  as  it  does  into  the  pleural  cavities  when  wide  openings  are 
made  in  the  thoracic  walls,  thj  respiratory  movements  would  have 
very  htile  effect  indeed  on  the  flow  of  b  •  o<i  to  and  from  the 
heart,  just  as  under  similar  circumstances  (p.  331)  they  would  be 
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ineffectual  in  promoting  the  entrance  and  exit  of  air  to  and  from 
ihe  lungs.  But  the  air  does  not  pass  into  the  pulmonary  alveoli  as 
freely  as  it  would  do  into  a  pleural  cavity  through  an  opening  in 
the  thoracic  wall.  Before  the  inspired  air  can  fill  a  pulmonary 
alveolus,  the  walls  of  the  alveolus  have  to  be  distended  at  the  expense 
of  the  pressure  which  causes  the  inspired  air  to  enter.  Part  of  the 
atmospheric  pressure  in  fact  which  causes  the  entrance  of  the  air* 
into  the  lung  is  spent  in  overcommg  the  elasticity  of  the  pulmonary 
passages  and  cells.  Consequently,  any  structure  lying  within  the 
thorax  but  outside  the  lungs,  is  never,  even  at  the  conclusion  of  an 
inspiration  when  the  lungs  are  filled  with  air,  subject  to  a  pressure 
as  great  as  that  of  the  atmosphere.  The  pressure  on  such  a 
structure  always  falls  short  of  the  pressure  of  the  atmosphere  by 
the  amount  of  pressure  necessary  to  counterbalance  the  elasticity 
of  the  pulmonary  passages  and  cells.  An<l,  since  the  fraction  of  the 
atmospheric  pressure  which  is  thus  spent  in  distending  the  lungs 
increases  as  the  lungs  become  more  and  more  stretched,  it  follows 
that  the  fuller  the  inspiration  the  greater  is  the  difference  between 
the  pressure  on  structures  outside  the  lungs  but  within  the  thorax 
and  the  ordinary  pressure  of  the  atmosphere.  Now  we  have  seen 
(p.  351)  that  the  pressure  necessary  to  counterbalance  the  elasticity 
of  the  lungs,  when  they  are  completely  at  rest  (m  the  pause  between 
expiration  and  inspiration),  is  in  man  about  5  to  7  mm.  of  mercury, 
and  that  when  the  lungs  are  fully  distended,  as  at  the  end  of  a* 
forcible  inspiration,  the  pressure  rises  10  as  much  as  30  mm.  of 
mercury.  Hence  at  the  height  of  a  forcible  inspiration  the  pressure 
exerted  on  the  heart  and  great  vessels  within  the  throax  is  30  mm. 
less  than  the  ordinary  atmospheric  pressure  of  760  mm.^  and  even 
when  the  chest  is  comjiletely  at  rest,  at  the  end  of  an  expiration, 
the  pressure  on  the  heart  and  great  vessels  is  slightly  ^by  about  5 
ram.  mercury)  below  that  of  the  atmosphere. 

During  an  mspiration  then  the  pressure  around  the  heart  and 
great  blood-vessels  becomes  considerably  less  than  that  of  the 
atmosphere  on  the  vessels  outside  the  thorax.  During  expiration 
this  pressure  returns  towards  that  of  the  atmosphere,  but  in 
ordinary  breathing  never  quite  reaches  it.  It  is  only  in  forcible 
expiration  that  the  pressure  on  the  thoracic  vascular  organs 
exceeds  that  of  the  atmosphere.  But  if  during  inspiration  the 
pressure  bearing  on  the  right  auricle  and  the  vens  cavae  becomes 
less  than  the  pressure  which  is  bearing  on  the  jugular,  subclavian, 
and  other  veins  outside  the  thorax,  this  musi  result  in  an  increased 
flow  from  the  latter  into  the  former.  Hence,  during  each  in- 
spiration  a  larger  quanrity  of  blood  enters  the  right  side  of  the 
heart     This  probably  leads  to  a  stronger  stroke  of  the  heart,  ancL 
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at  lUI  eveots  cause  a  larger  quantity  to  be  ejected  by  the  right 
ventricle  ;  this  causes  a  larger  quantity  to  escape  from  the  left 
ventricle,  and  thus  more  blood  is  thrown  into  the  aorta,  and  the 
arterial  tension  proportionately  increased.  During  expiration  the 
converse  takes  place.  The  pressure  on  the  intra-thoracic  blood- 
vessels returns  to  the  normal,  the  flow  of  blood  from  the  veins 
outside  the  thorax  into  the  venae  cavae  and  right  auricle  is  no 
'l^g^f  assisted,  and  in  consequence  less  blooii  passes  through 
the  heart  into  the  aorta,  and  arterial  tension  falls  again.  During 
forced  expiration,  the  intra-ihoracic  pressure  may  be  so  great  as 
to  afford  a  distinct  obstacle  to  the  flow  from  the  veins  into  the 
heart. 

The  effect  of  the  respiratory  movements  on  the  arteries  is 
naturally  different  from  that  on  the  veins.  During  inspiration  the 
diminution  of  pressure  in  the  thorax  around  the  aortic  arch  lends 
10  draw  the  blood  from  the  arteries  outside  the  thorax  back  to  the 
arch  of  the  aorta,  or  in  other  words,  lends  to  check  the  onward 
flow  of  blood.  At  the  same  time,  and  this  is  the  point  to  which 
we  wish  to  call  attention,  the  aortic  arch  itself  tends  to  expand ; 
in  consequence  the  pressure  of  blood  within  it,  i.€.  the  arterial 
tension,  tends  to  diminish.  During  expiration,  the  increase  of 
pressure  outside  the  aortic  arch  of  course  tends  to  increase  also 
the  blood -pressure  within  it,  acting  in  fact  just  in  the  same  way  as 
if  the  coats  of  the  aorta  themselves  contracted.  Thus  as  far  as 
arterial  blood -pressure  is  concented  the  effects  of  the  respiratory 
movements  on  the  great  veins  and  great  arteries  respectively,  are 
antagonistic  to  each  other;  the  effect  on  the  vems  being  to 
increase  arterial  tension  during  inspiration  and  to  diminish  it 
during  expiration,  while  the  effect  on  the  arteries  is  to  diminish 
arterial  tension  during  inspiration  and  to  increase  it  during  ex- 
piration. But  we  should  naturally  expect  the  effect  on  the  thin- 
walled  veins  to  be  greater  than  that  on  the  stout  thick-wailed 
arteries,  so  that  the  total  effect  of  inspiration  would  be  to 
increase,  and  the  total  effect  of  expiration  to  diminish,  arterial 
tension. 

These  facts  seem  at  first  sight  to  afford  a  ready  explanation  of 
the  respiratory  undulations  of  the  blood-pressure  curve ;  the  rise 
of  pressure  in  each  undulation  might  be  supposed  to  be  due  to 
the  inspiratory,  the  fall  to  the  expiratory  movement.  When  how- 
ever the  respiratory  undulations  of  the  blood- pressure  curve  are 
cotnpared  carefully  with  the  variations  of  intrathoracic  pressuie, 
it  is  seen  that  neither  the  rise  nor  the  fall  of  the  former  are  exactly 
syndironous  with  either  diminution  or  increase  of  the  latter. 
Fig  50  shews  two  tracings  from  a  dog  taken  at  the  same  timc^ . 
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one,  a^  being  the  ordinary  blood-pressure  curve  from  the  carotid, 
and  the  other,  ^,  representing  the  condition  of  the  intra-thoracic 
pressure  as  obtained  by  carefully  bringing  a  manometer  into  con- 
nection with  the  pleural  cavity.  On  comparing  the  two  curves,  it 
is  evident  that  neither  the  maximum  nor  the  minimum  of  anertal 
pressure  coincides  exactly  either  with  inspiration  or  with  cxpiration- 
At  the  beginning  of  inspiration  (/)  the  arterial  pressure  is  seen  to 
be  falling ;  it  soon  however  begms  to  rise,  but  does  not  reach  the 
maximum  until  some  lime  after  expiration  (<r)  has  begun ;  tlie  fall 
continues  during  the  remainder  of  expiration*  and  passes  on  into 
the  succeeding  inspiration.  In  order  to  reconcile  the  facts  re- 
presented by  these  curves  with  the  mechanical  explanation  given 


FiC.    50.     GbMrAStSON    or    BtJOOD-PBISStriiB    CurVK    with     CUAVB   of    iKTVA^TnORACli 

FabssOrs.     To  be  read  from  teft  to  right. 

a  U  the  blood -pressure  curv«,  with  its  rrxpinitory  undulations,  the  slower  beat*  oo  the 
deAcent  bciD||r  very  marked.  6  is  the  curve  of  inmahorHcic  pressure  obtained  by  cdnoectio^ 
one  Ijiabof  a  mononictunrith  the  picunil  cavity.  In^iraiion  begini  at  *,  expiration  *i  #_ 
'llie  intra-tboracic  pressure  rises  very  rapidly  afier  the  cessation  of  tbc  inspiraiory  eifnn.  :Uid 
tbeo  ilowly  falls  as  tke  air  issues  from  the  dbc«l ;  at  the  bi^inninK  of  the  iiupiraiofy  cfTort  the 
tail  bcoojnea  more  rapid. 

above,  we  must  suppose  that  the  beneficial  effects  of  the  inspi- 
rator)'movement  in  the  larger  supply  of  blood  brought  to  the  heart, 
take  some  time  to  develope  themselves,  and  last  beyond  the  move- 
ment iiself. 

But  there  are  phenomena  which  shew  that  in  the  production 
of  the  respiratory  undulation  other  influences  besides  those  just 
discussed  are  at  work. 

When,  as  for  instance  in  an  animal  under  urari,  artificial  is 
substituted  for  natural  respiration,  undulations  of  the  blood-prc^sure 
curve  are  observed  (Fig.  51,  i),  similar  in  character  to»  though  Ic^ 
in  extent  than,  those  seen  under  natural   conditions.     Nnw   m 
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artificial  respiration,  the  mechanical  conditions,  under  which  the 
thoracic  viscera  are  placed  as  regards  pressure,  are  the  exact 
opposite  of  tliose  existing  during  natural  respiration  ;  for  when  air 
is  blown  into  the  trachea  to  distend  the  lungs,  the  pressure  within 
the  chtrst  is  increased  instead  of  diminished.  Evidently  the  ex- 
planation given  above  is  not  valid  for  the  respuatory  undulations 
of  blood-pressure  which  occur  during  artificial  respiration. 

But  another  explanation,  still  of  a  mechanical  nature,  suggests 
itself.  When  the  lung  is  expanded,  whether  by  artificial  or  natural 
respiration,  />.  whether  by  means  of  a  tracheal  positive  pressure, 
or  a  pleural  negative  pressure,  the  increase  in  the  area  of  the  wall^ 
of  each  pulmonary  alveolus  lends  to  stretch  and  elongate  the 
capillaries  lying  in  the  alveolar  walls,  and  in  elongating  tliuui  neces- 
sarily narrows  them,  just  as  an  india-rubber  tube  is  narrowed  whco 
it  is  stretched  lengthways.  This  narrowing  of  the  capillaries  is  an 
obsucle  to  the  passage  of  blood  through  them ;  and  hence  the 
expansion  of  the  alveoli  in  inspiration,  other  things  being  equal, 
will  be  unfavourable  to  the  flow  of  blood  through  the  lungs,  la 
artificial  respiration  moreover  the  positive  pressure  on  the  alveolar 
walls  will  tend  as  well  to  compress  the  capillaries  and  still  further 
to  hinder  the  flow  of  blood  through  them  ;  and  direct  experiments 
shew  that  when  blood  is  driven  artificially  at  a  constant  rate 
through  the  pulmonary  artery,  the  outflow  through  the  pulmonary 
veins  is  diminished  when  tiie  lungs  are  inflated  (by  tracheal  posi- 
tive pressure)  and  increases  again  when  the  lungs  are  allowed  to 
return  to  their  former  volume '.  The  diminished  or  increasctl  flow 
of  blood  through  the  lungs  will  naturally,  by  diminishing  or  in- 
creasing the  quantity  in  the  left  heart,  diminish  or  increase  the 
blood -pressure.  And  it  is  exceedingly  probable  that  the  respiratory 
undulations  seen  when  artificial  respiration  is  carried  on  are  thus 
brought  about  by  changes  in  the  caUbre  of  the  jjulmonary  capil* 
laries  and  small  vessels.  The  case  of  natural  respiration  19 
somewhat  different :  the  narrowing  of  the  capillaries  due  to  the 
increase  of  the  dimensions  of  the  pulmonary  alveoli  comes  into 
play  as  before,  but  instead  of  the  tracheal  positive  pressure  a 
pleural  negative  {pressure  is  brought  to  bear  on  the  capillaries,  and 
this  probably  tends  to  widen  them  ;  but  the  problem  then  becomes 
very  complicated^  and  though  it  is  stated'  that  when  inspiration  is 
carried  out  by  means  of  a  negative  pleural  pressure,  the  artificial 
flow  through  the  lungs,  contrary  to  the  case  when  positive  trachea 
pressure  is  employed,  is  increased^  the  matter  is  too  unsettled  to 

•  Poi^cttillc^  C^mpt.  Rmd,  T,  xuv,  |i8$S)  p.  107a.     Quiacke  u.  Pfciffi 

*  Qmockc  li,  Pfeifler,  »p,  tti. 
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enable  us  to  state  how  far  the  undulations  of  blood-pressure  during 
normal  respiration  are  brought  about  by  changes  in  the  pulmonary 
circulation* 

We  have  more  overevidence  of  other  influences,  not  mechanical 
but  nervous  in  nature,  having  at  least  some  share  in  producing  the 
phenomena  we  are  discussing.  One  striking  feature  of  the  re- 
spiratory undulation  in  the  blood  pressure  curve  of  the  dog  is  the 
fact  that  the  pulse-rate  is  quickened  during  the  rise  of  the  ordu- 
lation  and  becomes  slower  during  the  falL  The  quickening  of  the 
beat  might  be  considered  as  itself  partly  accounting  for  the  rise, 
were  it  not  for  two  facts.  In  the  rabbit,  the  respiratory  undu- 
lations»  though  well  marked,  present  a  very  small  difference  of 
pulse-rale  in  the  rise  and  fall.  In  the  dog,  the  difference  is  at 
once  done  with,  without  any  other  essential  change  in  the  undu- 
lations, by  section  of  both  vagi.  Evidently  the  slower  pulse 
during  the  fall  is  caused  by  a  coincident  stimulation  of  the  cardio- 
inhibilory  centre  in  the  medulla  oblongata,  the  quicker  pulse 
during  the  rise  being  due  to  the  fact  that,  during  that  interval,  the 
centre  is  comparatively  at  rest.  We  have  here  most  important 
indications  that,  while  the  respiratory  centre  in  the  medulla  oblon- 
gata is  at  work,  sending  out  rhythtuic  impulses  of  inspiraiioii  and 
expiration,  the  neighbouring  cardio-inhibitory  centre  is,  as  it  were 
by  sympathy,  thrown  into  an  activity  of  sue  h  a  kind  that  its 
influence  over  the  heart  waxes  and  wanes  with  each  respirator}- 
movement 

But  if  the  cardio-inhibitory  centre  is  thus  synchronously 
affected,  ought  we  not  to  expect  that  the  vaso-motor  centre 
should  also  be  involved  in  the  action?  We  have  evidence  th«t 
it  is. 

Whet)  artificial  respiration  is  stopped,  a  very  large  but  steady 
rise  of  pressure  is  observed.  This  may  be  in  part  due  to  the 
increased  force  of  the  cardiac  beat,  caused  by  the  increasingly 
venous  character  of  the  blood ;  but  only  m  part,  and  that  a  small 
part.  The  rise  so  witnessed  is  very  similar  to  that  brought  about 
by  powerfully  stimulating  a  number  of  vaso-constrictor  ner\'cs ; 
and   there  can  be   no  doubt  that  it  is  due  to  the  venous  blood 

■  stimulating  the  vasomotor  centre  in  the  medulla,  and  thus  causmg 
constriction  of  the  small  arteries  of  the  body,  particularly  those 
of  the  splanchnic  area.  We  say  '  stimuhting  the  medullary  vaso- 
motor centre/  because,  though  the  venous  blood  may  stimulate 
other  vaso-raotor  centres  in   ihe  spinal  cord  *  and  ]>ossibly  even 

E'irectly  on  local  peripheral  mechanisms,  or  on  tne  muscular 
of  the  small   arteries    themselves,  since  a  rise  of  pressure 
*  Luchsingcr,  Pfliiger's  AreAiv,  xvi.  (187S)  p.  510, 
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follows  upon  dyspnoea  when  the  spinal  cord  has  been  previously 
divided  below  the  medulla,  yet  the  fact  that  it  is  much  l^ss  under 
these  circumstances  shows  that  the  medullary  centre  plays  the 
chief  part.  Upon  the  cessation  of  the  artificial  respiration,  the 
respiratory  undulations  cease  also,  so  that  the  blood- pressure  curve 
ri»*cs  at  first  steadily  in  almost  a  straight  line;  yet  afiL-r  a  while 
new  undulations,  toe  so-called  Traube's  curves,  make  their  ap- 
pearance (Fig.  51,  a,  3),  very  similar  to  the  previous  ones,  except 
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Fig-  )1^    Tkaubc\  Cukvcs.    To  be  read  from  left  10  right. 

TIi»  etmna  I.  a.  3,  ^,  5  wrre  taken  ai  iniermK.  tnA  .Jl  Tonn  i»trt  nf  nnc  ^xpc-rtraenit 
■adi  can*  ii  placed  in  lis  proper  I  <  -i^.  i« 

owdttud.    Dunns  i«  wiificuU  reapin  -c  not 

dns  to  tbcaMcbani^  action  of  the  r!i  it.^«r 

1  Cor  •  while  diupipe&red.  «uiJ  ihA  bk»o4-prcisujrc  rgic  w.fca4ily  »  h  ' 
Soon,  u  f^wn  in  cunr«  •.  the  undulatioai  re-«ppean<l. 
WM  stiU  nnii«.  the  beart'beuB  vtill  iloircr.  but  the  nnduk 
3)1    Soil  bier  (curve  4V  the  nft<a>ur«  wn>  atill  hifher,  but  the  heart-bea!:^  were  i^uirkcr. 
•ad  dm  unduIaiMMU  lurter.     The  preuure  then  be;caji  to  fall  rapidly  (curve  5).  and  continutd 
It  §tU  aaili  goae  Uioe  after  anifioAl  rea         ' 


that  their  curves  are  larger  and  of  a  more  sweeping  character. 
These  new  undulations,  since  they  appear  in  the  absence  of  all 
thoracic  or  pulmonary  movements,  passive  or  active^  and  arc 
witnessed  even  when  both  vagi  are  cut,  musr  be  of  vaso-motorial 
F.  P.  r; 
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origin  ;  the  rhythmic  rise  must  be  due  to  a  rhythmic  constriction 
of  the  small  arteries  due  to  a  rhythmic  discharge  from  vaso- 
motor centres  and  especially  from  the  medullary  vaso-motor  centre, 
sjnce  die  undulations  are  far  less  marked  when  the  spinal  cord  is 
divided.  They  are  maintained  as  long  as  the  blood-pressure  con- 
tinues to  ri5e.  With  the  increasing  venosity  of  the  bloody  however, 
both  the  vaso-motor  centre  and  the  heart  become  exhausted ;  the 
undulations  disappear,  and  the  blood -pressure  rapidly  sinks. 

We  have  then  exi>erimental  evidence  that,  in  the  entire  absence 
of  all  mechanical  aiuses,  undulations  of  blood -pressure,  of  direct 
nervous  origin,  closely  simulating  those  accompanying  natural 
respiration,  may  be  brought  about  whenever  the  blood  becomes 
sufficiently  venous.  It  is  difhcult  to  imagine  why  the  vaso-motor 
centre  should  exhibit  the  rhythmic  activity  shewn  in  Traube's 
curves,  and  why  that  rhythm  should  simulate  the  respiratory 
rhythm,  unless  the  vasomotor  centre  had  been  previously  accus- 
tomed to  a  rhythmic  activity  synchronous  with  the  rhythmic 
activity  of  the  respiratory  centre.  It  is  impossible  to  give  direct 
experimental  proof  that  in  natural  respiration  the  vaso-motor  centre 
is  stimulated  by  the  natural  venous  blood  to  a  rhythmic  activity 
like  that  shewn  in  Traube's  cur\'es,  because  it  is  impossible  to 
eliminate  the  mechanical  factors  discussed  above.  And  the  argu- 
ment thai  because  the  undulations  seen  in  artificial  respiration 
continue,  as  is  asserted,  after  division  of  the  medulla,  the  vaso- 
motor events  csin  have  no  share  in  producing  the  undulations  of 
natural  respiration,  is  mvalid,  smce,  as  we  have  seen»  the  undula* 
lions  of  artificial  respiiation  have  a  distinctly  different  mechanical 
origm  from  those  of  natural  respiration.  On  the  other  hand,  if,  as 
is  stated  by  others,  the  undulations  even  of  artificial  respiration 
though  not  oblittrated  are  diminished  by  section  of  the  mtdulia, 
these  too  must  be  in  part  of  vaso-moturial  origin  ;  for  the  mere 
diminution  of  general  blood-pressure  which  results  from  section 
of  the  medulla  ought  not  to  influence  largely  the  respiratory 
undulations  if  these  are  entirely  of  mechanical  origin. 
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Mayer  '  has  observed  in  peifect  quiet  normally  breathing  rabbits 
without  urari,  curves  very  similar  to  Traube's  curves,  on  which  the 
respiratory  cuncs  may  be  seen  superimposed.  He  regards  these 
longer  curves  as  of  vaao-motorial  origin. 

We  may  conclude  then  that  the  respiratory  undulations  of 
blood-pressure  are  of  complex  origin,  being  partly  the  mechanical 
results  of  the  thoracic  movements,  possibly  also  produced  by  the 
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alternate  expansion  and  collapse  of  the  pulmonary  alveoli,  but 
probably  in  addition  brought  about  by  a  rhythmic  variation  of  the 
vascular  peripheral  resistance,  the  result  of  a  rhythmic  activity  of 
the  vaso-motor  centre. 

Tn  estimating  the  mechanical  effects  on  the  flow  of  blood  to  and 
from  the  heart  produced  by  the  reipiratory  movements,  attention  must 
be  patd,  not  only  to  the  action  of  the  thorax,  but  also  to  that  of  the 
abdomen.  Thus  on  the  descent  of  the  diaphragm,  though  the  flow  ck 
blood  to  tHc  right  heart  from  the  upper  part  of  the  body  is  thereby 
undoubtedly  ass>>ted,  that  from  the  lower  part  of  the  body  and  abdo* 
men  is  diminished.  Conversely  in  expiration  the  compression  of  the 
abdomen  tends  at  first  to  drive  the  blood  onward  to  the  heart,  though 
subsequently,  especially  if  long  continued  and  laboured,  it  may  prove 
an  obstacle  both  to  the  flow  to  the  heart  along  the  vena  cava  and  to 
that  from  the  heart  along  the  aorta. 

Funke  and  Latschenberger ',  who  insist  on  the  expansion  and 
collapse  of  the  lungs  as  the  chief  factor  of  the  respiratory  undulations, 
point  out  that  while  the  mam  effect  of  expansion  is,  by  lengthening 
and  narrowmg  the  capillaries,  lo  hinder  the  flow  through  the  lungi, 
yet  the  mitial  result  is  to  drive  an  extra  quantity  of  blood  from  the 
capillaries  onwards,  and  that  similarly  the  initial  result  of  the  collapse 
b,  by  the  shortening  and  widening  of  the  same  capiUaries,  to  retain  a 
certain  quantity  of  blood  for  a  while  in  the  lungs.  They  offer  by  help 
of  these  considerations  very  ingenious  explanations  of  the  variations 
in  the  character  of  the  rcfpiratory  undulations  accompanying  variations 
in  the  rhythm  and  chiracler  of  the  respiratory  movements.  And 
they  contend  that  their  explanations  are  vahd,  not  only  in  artificial 
respiration,  but  also  in  natural  respiration,  even  when  the  negative 
pleura)  pressure  bears  on  the  large  vessels  of  the  chest  as  well.  Kow- 
aJcwsky  %  on  tho  other  hand,  explains  the  undulations  seen  in  artificial 
rirspiration,i  by  reference  not  so  much  to  the  narrowing  and  widening 
of  the  capillaries  due  to  their  longitudinal  stretching  and  return,  as  to 
the  variations  of  pressure  in  the  air  of  the  pulmonary  alvroh  ;  but 
argues  in  opposition  to  Funke  and  Latschenberger,  that  in  natural 
respiration,  these  variations,  producedby  pleura!  negative  pressure  and 
not  by  tracheal  positive  pressure,  are  more  than  compensated  by 
the  simultaneous  eflects  of  the  same  pleural  pressure  on  the  great 
ve^els  \ 

It  has  been  suggested  that  the  increased  frccjuency  of  beat  during, 
the  inspiratonr  pha^e  may  be  due  to  the  mechanical  distension  of  the 
lungs  whereby  afferent  impulses  are  transmitted  along  the  vagus, 
which  by  inhibiting  the  cardio-inhibirory  centre  cause  an  mcrcased 
frequency  of  Ijcat.  But  the  experiments  on  which  this  vie\r  is  based 
arc  nut  conclusive. 


•  Pfliiger's  Arckrv^  xv.  (1877)  p.  405;  iWrf.  x%ii.  (1878)  p.  547, 

•  Arthivf.  AnaL  u,  Pkys.^  1877,  Pnyi.  Abth.  p,  416. 
y  Cr  Zaatx,  Pfltigcr't  ArtAiv,    XVIt.  (1S78)  p,  374. 
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origin  J  the  rhythmic  rise  must  be  due  to  a  rhythmic  constriction 
of  the  sniiU  arteries  due  to  a  rhythmic  discharge  from  vaso- 
motor centres  and  especially  from  the  me<lu]lary  vaso-motor  centre, 
since  the  undulations  are  far  less  marked  when  the  spinal  cord  is 
divided.  They  are  maintained  as  long  as  the  blood-pressure  con- 
tinues to  rise.  With  the  increasing  venosiiy  of  the  blood,  however, 
both  the  vaso-motor  centre  and  the  heart  become  exhausted ;  the 
tiudulations  disappcir,  and  the  blood- pressure  rapidly  sinks. 

We  have  then  experimental  evidence  that,  in  the  entire  absence 
of  all  mechanical  causes,  undulations  of  blood -pressure,  of  direct 
nervous  origin,  closely  simulating  those  accompanying  natural 
respiration,  may  be  brought  about  whenever  the  blood  becomes 
sufhcienily  venous.  U  is  difficult  to  imagine  why  the  vaso-motor 
Centre  should  exhibit  the  rhythmic  activity  shewn  in  Traube's 
curves,  and  why  that  rhythm  should  simulate  the  respiratory 
rhythm,  unless  tlie  vasomotor  centre  had  been  previously  accus- 
tomed to  a  rhythmic  activity  synchronous  with  the  rhythmic 
activity  of  the  respiratory  centre.  It  is  ini possible  to  give  direct 
experimental  proof  that  in  natural  respiration  the  vasomotor  centre 
is  stimulated  by  the  natural  venous  blood  to  a  rhythmic  activity 
like  that  shewn  in  'Iraube's  curves,  because  k  is  impossible  to 
eliminate  the  mechanical  factors  discussed  above.  And  the  argu* 
meni  that  because  the  undulations  seen  in  ariiftcial  respiration 
continue,  as  is  asserted,  after  division  of  the  medulla,  the  vaso- 
motor events  can  have  no  share  hi  producing  the  undulations  of 
natural  respiration,  is  invaliil,  since,  as  we  have  seen,  the  undula- 
tions of  artificial  respiration  have  a  distinctly  different  mechanical 
origin  from  those  of  natural  respiriition.  On  the  other  hand,  if,  as 
is  stated  by  others,  the  undulations  even  of  artificial  respiration 
though  not  obliterated  are  diminished  by  section  of  the  medulla, 
these  loo  must  be  in  part  of  vaso-motorial  origin ;  for  the  mere 
diminution  nf  general  blood -pressure  which  results  from  section 
of  the  mctlulla  ought  not  to  influence  largely  the  respiratory 
undulations  if  these  are  entirely  of  mechanical  origin. 

Mayer  •  has  observed  in  perfect  quiet  normally  breathing  rabbits» 
without  urari,  curves  very  similar  to  Traube's  curves,  on  which  the 
respiratory  curves  may  be  seen  superimposed*  He  regards  these 
longer  curves  as  of  vasO-motorial  origin. 

We  may  conclude  then  that  the  respiratory  undulations  of 
blood-pressure  are  of  complex  origin,  being  partly  the  mechanical 
results  of  the  thoracic  movements,  possibly  also  produced  by  the 
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Sec  8,    Tfie  Effects  of  Chawges  in  the  Air  Breath eu». 

The  Effects  of  ifefident  Air,     Asphyxia, 

When,  on  accownt  ol*  occlusion  of  the  trachea,  or  by  breathing 
in  a  confined  space*  a  due  supply  of  air  is  not  obtained,  normal 
respiration  gives  place  through  an  intermediate  phase  r^i  dvspncea 
to  the  condition  known  as  asphyxia  \  this,  unless  remedial  measures 
be  taken,  rapidly  proves  fatal. 


Phenonema  of  Asphyxia.  As  soon  as  the  oxygen  m  the 
arterial  blood  sinks  below  the  normal,  the  respiratory  movenicnts 
become  deeper  and  at  the  same  time  more  frequent ;  both  the 
inspiratory  and  expiratory  phases  are  exaggerated,  the  supple* 
mentary  muscles  spoken  of  at  p.  338  are  brought  into  play,  and 
the  rate  of  the  rhythm  is  hurried.  In  this  respect,  dyspnoea,  or 
hyper pncea  as  this  first  stage  has  been  called,  contrasts  very 
strongly  with  the  peculiar  respiratory  condition  caused  by  section 
of  the  vagi,  in  which  the  respiratory  movements,  while  much  more 
profound  than  the  normal,  are  diminished  in  frequency. 

As  the  blood  continues  to  become  more  and  more  venous  the 
respiratory  movements  continue  to  increase  both  in  force  and  fre- 
quency, a  larger  number  of  muscles  being  called  into  action  and 
that  to  an  increasing  extent  Very  soon,  however,  it  may  be 
observed  that  the  expiratory  movements  are  becoming  more 
marked  than  the  inspiratory.  Every  muscle  which  can  in  any 
way  assist  in  expiration  is  in  turn  brought  into  playj  and  at  last 
almost  all  the  muscles  of  the  body  are  involved  in  the  struggle 
The  orderly  expiratory  movements  culminate  in  expiratory  coo* 
vulsions,  the  order  and  sequence  of  which  is  obscured  by  their 
violence  and  extent.  That  these  convulsions,  through  which 
dyspncea  merges  into  asphyxia,  are  due  to  a  stimulation  of  the 
medulla  oljlongata  by  the  venous  blood,  is  proved  by  the  fact  that 

■  they  fail  to  make  their  appearance  when  the  spinal  cord  has  been 
previously  divided  below  the  medulla,  though  they  stdl  occur  alter 
those  portions  of  the  brain  which  lie  above  the  medulla  have  been 
removed      It  is  usual   to  sjieak  of  a  *  convulsive  centre'  in  the 
medulla,  the  stimulation  of  which  gives  nse  to  these  convulsions  ; 
but  if  we  acce[)t  the  existence  of  such  a  centre  we  must  at  the 
same  time   admit    that  it  is  connected    by  the  closest   ties  with 
^the  normal   expiratory  division    of  the   respiratory  centre,  since 
^^every  intervening  step  may  be  observed  between  a  simple  slight 
^■expiratory  movement  of  normal  respiration  and  the  rao^t  violent 
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convulsion  of  asphyxia.  An  additional  proof  that  these  convul- 
sions are  carried  out  by  the  agency  of  the  medulla  is  afforded  by 
the  fact  that  convulsions  of  a  wholly  similar  character  are  wit- 
nessed when  the  supply  of  blood  to  the  medulla  is  suddenly 
cut  off  by  ligaturing  the  blood  vessels  of  the  head.  In  this  cast 
the  nervous  centres,  being  no  longer  furnished  with  fresh  blootl. 
b  corne  rapidly  asphyxiated  through  lack  of  oxygen,  and  expiratorj 
convulsions  quite  similar  to  those  of  ordinary  asphyxia,  and  pre- 
ceded like  them  by  a  passing  phase  of  dyspnctJ.,  make  their 
appearance.  Similar  'anaemic'  convulsions  are  se^-n  alter  a  sud- 
den and  large  loss  of  bloo<l  from  the  body  at  large,  the  medulla 
being  similarly  stimulatL**!  by  lack  of  arterial  blood. 

Such  violent  efforts  speedily  exhaust  the  nervotis  system  ;  and 
the  convulsions  alter  being  maintained  for  a  brief  perit>d  sud- 
denly cease  and  are  followed  by  a  period  of  calm.  The  calm 
is  one  of  exhaustion  ;  the  pu[jils,  dilated  to  the  tUmost,  are 
unaffected  by  light ,  touching  the  cornea  calls  forth  no  movement 
of  the  eyelids,  and  indeed  no  reflex  actions  can  anywhere  be  pro- 
duced by  the  stimulation  of  sentient  surfaces.  All  expiratory 
active  movements  have  ceased ;  the  nmscles  of  the  body  arc 
flaccid  and  quiet ;  and  though  from  time  to  lime  the  respiratory 
centre  gathers  sufficient  energy  to  develope  respiratory  move- 
ments, the&e  resemble  those  ol  quiet  normal  breathing,  in  bein^ 
as  far  as  muscular  actions  are  concerned,  almost  entirely  insj)!- 
raiory.  They  occur  at  long  inler^^als*  like  those  after  the  section 
of  the  vagi  ;  and  like  them  are  deep  Ind  slow.  The  exhausted 
respiratory  centre  takes  some  time  to  develope  an  inspiratory 
explosion ;  but  the  impulse  when  it  is  generated  is  proportionately 
strong.  It  seems  as  if  the  resistance  which  had  in  each  case 
to  be  overcome  was  considerable,  and  the  effort  in  consequence, 
when  successful,  productive  of  a  large  effect. 

As  lime  goes  on,  these  inspiratory  efforts  become  less  frc» 
quent;  their  rhythm  becomes  irregular;  long  pauses,  each  one  of 
which  seems  a  final  one,  are  succeeded  by  several  somewhat 
rapidly  repeated  inspirations.  The  pauses  become  longer,  and  the 
inspiratory  movements  shallower*  Each  inspiration  is  accom- 
panied by  the  contraction  of  accessory  muscles,  especially  of  the 
face,  so  that  each  breath  becomes  more  and  more  a  prolonged 
gasp.  The  inspiratory  gasps  spread  into  a  convulsive  streiclimg 
of  the  whole  bo<1y  ;  and  with  extended  limbs,  and  a  5tr;jigl)tcned 
trunk,  with  the  head  thrown  back,  the  mouth  widely  open,  the 
face  drawn,  and  the  nostnls  dilated,  the  last  breath  is  taken  in. 

Thus  we  are  able  to  distinguish  three  stages  in  the  phenomena 
which  result  from  a  continued  dehciency  of  air  : — (i)   A  stage  of 
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dyspnoea^  characterized  by  an  increase  of  the  respiratory  tnovc- 
mcnts  both  of  inspiration  and  ejcpiration.  (2)  A  convulsive 
stage,  characterized  by  the  dominance  of  the  cxpiratoT)^  effoits, 
and  culminating  in  general  convulsions.  (3)  A  stage  of  tx- 
haustion,  in  which  lingering  and  long-drawn  inspirations  gradually 
die  out.  When  brought  about  by  sudden  occlusion  of  the  trachea 
these  events  ruu  through  their  course  in  about  4  or  5  minutes  ia 
tlie  dog,  and  in  about  3  or  4  minutes  in  the  rabbit.  The  fint 
stage  passes  gradually  into  the  second,  convulsions  appearing  at 
the  end  of  the  first  minute.  The  transition  from  the  second  stage 
into  the  third  is  somewhat  abrupt,  the  convulsions  suddenly 
ceasing  early  in  the  second  minute.  The  remaining  time  is 
occupied  in  the  third  stage< 

The  duration  of  asphyxia  varies  not  only  in  different  animals  but  in 
the  same  animal  under  different  circumstances.  Newly  bom  and 
young  animals  need  much  longer  immersion  in  water  before  death  by 
asphyxia  occurs  than  do  adults.  Thus  while  in  a  full-grown  dog 
recovery  from  drowning  is  unusual  after  1^  minutes,  a  new-born  puppy 
h.'is  been  known  to  bear  an  immersion  of  as  much  as  50  minutes.  The 
cause  of  the  difference  lies  in  the  fact  that  in  the  young  animal  the 
respiratory  changes  of  the  tissues  are  much  less  active,  1  hese  con- 
sume less  oxygen,  and  the  general  store  of  oxygen  in  the  blood  has  a 
less  rapid  demand  made  upon  it.  The  respimiory  activity  of  the 
tissues  may  also  be  lessened  by  a  deficiency  in  the  circulation;  hence 
bodies  in  a  state  of  syncope  at  the  time  when  the  deprivation  of 
oxygen  begins  can  endore  the  loss  for  a  much  longer  period  than  can 
bodies  in  which  the  circulation  is  in  full  sw  ing.  There  being  the  same 
store  of  oxygen  in  the  biood  in  each  case,  the  quicker  circulation  must 
of  necessity  bring  about  the  speedier  exhaustion  of  the  store,  la 
many  cases  of  drownmg,  death  is  hastened  by  the  entrance  of  water 
intt)  the  lungs. 

By  training,  the  respiratory  centre  maybe  accustomed  to  bear  a 
scanty  supply  of  oxygen  for  a  much  longer  time  than  usual  before^ 
dyspnoea  sets  in,  as  is  seen  in  the  case  of  divers. 

The  phenomena  of  slow  asphyxia,  where  the  supply  of  atr 
is  gradually  diminished,  are  fundamentally  the  same  as  those 
resulting  from  a  sudden  and  total  deprivation.  The  same  stages 
are  seen,  but  their  development  takes  place  more  slowly. 

The  circulation  in  Asphyxia,  If  the  carotid  or  other 
artery  of  an  animal  be  connected  with  a  manometer  during  the 
development  of  the  asphyxia  just  described,  the  following  facts 
may  be  observed.  During  the  first  and  second  stages  the  bluod- 
pressure  rises  rapidly,  attaining  a  height  far  above  the  norma]. 
During  the  third  stage  it  falls  even  more  rapidly,  repAssit'^  liie 


CHAP.  11] 


RESPIRATION. 


391 


iionnal  and  becoming  nil  as  death  ensues.  The  respiratory  undu- 
lations of  the  pressure-curve  are  abrupt  and  somewhat  irregular, 
the  inspiratory  movements  being  accompanied  by  a  fall  of  pressure. 
When  the  animal  has  been  previously  placed  under  urari,  so  that 
thr  respiratory  impulses  cannot  manifest  themselves  by  any  mus- 
cular movements,  the  rise  of  the  pressure  curve,  as  we  have 
already  said,  is  at  first  steady  and  unbroken,  but  after  a  variable 
period  Traube's  curves  rnake  their  appearance.  As  during  the 
third  stage  the  pressure  sinks,  these  undulations  pass  away. 

The  heart  beats  are  at  first  somewhat  quickened,  but  speedily 
become  slow,  while  at  the  same  time  they  acquire  great  force ;  so 
thai  the  pulse-curves  on  the  tracing  are  exceedingly  bold  and 
striking*  Fig.  51.  Even  while  the  blood-pressure  is  sinking,  the 
pulse-cur\^es  still  maintain  somewhat  these  characters  ;  and  the 
heart  continues  to  beat  for  some  seconds  after  the  respiratory 
movements  have  ceased,  the  strokc-s  at  last  rapidly  failing  in 
frequency  and  strength. 

If  the  chest  of  an  animal  be  opened  under  artificial  respira- 
tion, and  asphyxia  brought  on  by  cessation  of  the  respimtion,  it 
will  be  seen  that  the  heart  during  the  sctdnd  and  third  stages 
becomes  completely  gorged  with  venous  biood,  all  the  cavities  as 
well  as  the  large  veins  being  distended  to  the  utmost  If  the 
heart  be  watched  to  the  close  of  the  events,  it  will  .be  seen  that 
the  feebler  strokes  which  come  on  towards  the  end  of  the  third 
stage  arc  quite  unable  to  empty  its  cavities ;  and  when  the  last 
beat  has  passed  away  its  parts  are  still  choked  with  blood  The 
veins  spirt  out  when  pricked  :  and  it  may  frequently  be  observed 
that  the  beats  recommence  when  the  over-distension  of  the  heart's 
cavities  is  relieved  by  puncture  of  the  great  vessels.  When  rigor 
mortis  sets  in  after  death  by  asphyxia,  the  left  side  of  the  heart 
is  more  or  less  emptied  of  its  contents  ;  but  not  so  the  right  side. 
Hence  in  an  ordinary  post-ranrtem  examination  in  cases  of  death 
by  asphyxia,  while  the  left  side  is  found  comparatively  empty,  the 
right  appears  gorged. 

These  various  phenomena  are  probably  brought  about  in  the 
following  way. 

The  increasingly  venous  character  of  the  blood  augments  the 
action  of  the  general  vaso- motor  centre,  and  thus  leads  to  a  general 
constriction  of  the  small  arteries.  This  is  the  cause  of  the  mark- 
edly increased  blood-pressure  ;  though,  as  we  have  already  said, 
the  venous  blood  may  also  act  directly  on  the  other  spinal  vaso-moior 
centres  and  possibly  on  peripheral  vaso-motor  mechanisms  ur  on 
the  muscular  arterial  coats,  or  may  even  aflFeci  the  peripheral  resist- 
ance by  modifying  the  changes  in  the  capillary  regions,  see  p.  119. 
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This  increased  peripheral  resistance,  while  indirectly  (p.  198) 
helping  to  augment  the  force  of  the  heart's  beat»  is  a  direct 
obstacle  to  the  heart  emptying  ilscli  of  its  contents.  On  the 
other  hand,  the  increased  respiratory  movements  favour  ihc  flow 
of  venous  blood  towards  the  hjart,  which  in  consequence  heo^roes 
more  and  more  full.  This  repletion  is  moreover  assisted  by  the 
marked  infrequency  of  the  beats.  This  in  turn  depends  in  part 
on  the  cardio'inhibitor)'  centre  in  the  medulla  br^ing  stimulated 
by  the  venous  blood  ]  since  when  the  vagi  are  divirled  the 
infrequency  is  much  less  pronounced.  It  does  not  however 
disappear  altogjther ;  and  we  are  therefore  driven  to  suppose 
it  is  in  part  due  to  the  venous  blood  acting  in  an  inhibitory 
manner  directly  on  the  heart  itself.  The  increased  resiHtanoe 
in  front,  the  augmented  supply  from  behind,  and  the  long  pauses 
between  the  strokes,  all  concur  in  distending  the  heart  more 
and  more. 

When  the  large  veins  have  become  full  of  blood  the  inspiratory 
movements  can  no  longer  have  their  usual  effect  in  increasing  the 
blood -pressure.  The  whole  force  of  the  chest  movement,  as  far 
as  the  circulation  is  concerned,  is  spent  in  diminishing  die  pres- 
sure around  the  large  arteries ;  and  hence  the  sinking  of  the 
blood -pressure  during  each  inspiratory  movement. 

The  disl^sion  of  the  cardiac  cavities,  at  first  favourable  to 
the  heart-beat,  as  it  increases  becomes  injurious.  At  the  same 
time  the  cardiac  tissues,  which  at  first  probably  are  stimulated, 
after  a  while  become  exhausted  by  the  action  of  the  venous 
blood  J  and  the  strokes  of  the  heart  become  feebler  as  well  as 
slower. 

On  account  of  this  increasing  slowness  and  feebleness  of  the 
heart's  beat,  the  blood- pressure,  in  spite  of  the  continued  arterial 
constriction,  begins  to  fall,  since  less  and  less  blood  is  pumped 
into  the  arterial  system ;  the  boldness  of  the  pulse-curves  at 
this  stage  being  chiefly  due  to  the  infrequency  of  the  strokes. 
As  the  quantity  which  passes  from  the  heart  into  the  arteries 
becomes  less  second  by  second,  the  pressure  gets  lower  and  lower, 
the  descent  betng  assisted  by  the  exhaustion  of  the  vaso-motor 
centre,  until  almost  before  the  last  beats  it  has  sunk  to  zero. 
Thus  at  the  close  of  asphyxia,  while  the  heart  and  venous  system 
are  distended  with  blood,  the  arterial  system  is  less  than  nonnally 
full. 

T/te  Effects  of  an  increased  supply  of  Air.      Apnaa* 

It  is  a  matter  of  common  experience  that  after  several 
inspiratory  efforu  of  greater  force  than  ordinary,  the  breath  can 
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be  held  for  a  much  longer  time  than  usual.  Id  other  words,  by 
an  increased  respiratory  action,  the  blood  can  be  brought  into 
such  a  condition  that  the  gcncr.ilion  of  the  respiratory  impulses 
in  the  medulla  is  delayed  beyond  the  usual  time  ;  the  desire  to 
bfeaihe  can  then  be  resisted  for  a  longer  time  than  usual.  This 
state  of  things,  which  wc  can  easily  produce  in  ourselves,  is  the 
beginning  of  that  peculi;ir  condition  brouglit  about  by  a  too 
vigorous  respiration,  or  by  the  inhalation  of  ox}'gen,  to  which 
we  have  already  (p,  376)  referred  under  the  name  of  'apncea'.* 
The  essential  feature  of  apnoea  consists  'u\  the  blood  containing 
for  the  lime  being  more  oxygen  than  usual.  In  consequence  of 
this  a  longer  lime  is  needed  before  Uie  deficiency  of  oxygen  in 
the  blood  of  the  capillaries  of  the  medulla  oblongata,  or  rather  in 
the  nerve  cells  constituting  the  respiratory  centre,  reaches  the  limit 
which  determines  the  discharge  of  a  respiratory  impulse.  The 
molecolai  processes  of  these  cells  are  so  arranged,  that  whenever 
jtte  oxygen  which  is  available  for  their  use  sinks  below  a  certain 
lervcl,  respiratory  explosions  occur  whereby  a  fresh  supply  of 
oxygen  is  gained.  By  increasing  their  available  oxygen,  the 
explosive  action  of  the  cells  is  deferred  and  diminished  ;  that 
is,  apnoia  is  established.  Similarly  when  the  supply  of  oxygen 
is  diminished,  the  explosions  are  hastened  and  increased,  that  is, 
dyspnoea  is  brought  aboui.  The  different  conditions  of  the 
rcspiratoiy  centre  during  apncea,  normal  breathing  or  eupncea, 
and  dyspnoea,  are  well  shewn  by  the  different  effects  produced  by 
stimulating  the  afferent  fibres  of  the  trunk  of  the  vagus  with  the 
wmc  stimulus  during  the  three  stages.  If  the  current  chosen  be 
of  such  a  strength  as  will  gently  mcrease  the  rliythra  of  normal 
breathing,  it  will  be  found  to  have  no  effect  at  all  in  apncea, 
while  in  dyspnoea  it  may  produce  almost  convulsive  movements. 
Indeed  in  well-marked  apnoea  even  strong  stimulation  of  the 
vagus  may  produce  no  effect  whatever. 

According  to  Ewald*  the  hiemoglobin  of  the  blood  during  apnoea 
becomes  perfectly  or  almost  perfectly  saturated  with  oxygen.  The 
absoiutc  increa-^e  does  not  seem  great,  from  'J  lo  'y  p.  c,  vol.  The 
tension  at  which  this  increment  exists  is  however  very  great  The 
Vcootts  blood,  if  the  artificial  respiration,  used  to  produce  the  apnoea, 
^  fifxefully  carried  out,  contains  more  oxygen  than  the  normal  and 
sppears  of  a  bright  red  colour.  In  ca^s  where  the  artificial  respira- 
tion  interferes  with  the  pulmonary  circulation   and   so   redtices  the 


*  It  ift  to  be  regretted  that  this  name  b  as«d  by  tome  medte^  Jtuthoritiea  to  t 
Ekiu»t  iitcnticAl  with  ft«ph}xU.     In  its  pbysioLogical  seti^  u  here  iiied« 


it  U  the  YcfV  «>p]M:jsiie  of  ajiphyxiiL. 
•  Pfli*jicr^  ArcAiv,  Vil.  (lS7Jt  575. 
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rapidity  of  the  general  flow  of  blood,  the  vchqus  blood  may  be  even 
darker  than  usoal '. 

The  Effects  of  changes  in  the  Composiiwn  of  the  Air  breathed^. 

We  have  already  discussed  the  effects  of  such  changes  as  are 
produced  by  the  act  of  respiration  itself,  v\z,  a  deficiency  of 
oxygen  and  an  excess  of  carbonic  acid.  We  have  only  to  add, 
that  the  result  of  an  access  of  oxygen,  except  in  the  cases  uf 
extreme  pressure  to  be  mentioned  immediately,  is  simply  apncea, 
and  that  variations  in  amount  of  nitrogen  have  of  themselves  no 
effect,  this  gas  being  eminently  an  indifferent  gas  as  far  as 
physiological  processes  are  concerned. 

Poisonous  gases.  Carbonic  oxide  produces  the  same 
effects  as  deficiency  of  oxygen,  inasmuch  as  it  preoccupies  the 
hxraoglohin  and  so  prevents  the  blood  from  becoming  properly 
oxygenatedT  see  p.  355.  Sulphuretted  hydrogen  produces  similar 
effects,  but  in  a  different  manner ;  it  acts  as  a  reducing  agent,  see 
p.  352.  Some  gases  are  irrespirable,  on  account  of  their  causing 
spasm  of  the  glottis,  and  this  is  said  to  be,  to  a  certain  extent,  the 
case  with  carbonic  acid. 


*   The  Effects  of  changes  in  tht  Pressure  of  the  Air  breathed  ^^ 

Gradual  Diminution  of  Pressure.  The  symptoms  are 
those  of  deficiency  of  oxygen  ;  the  animals  die  af  asphyxia.  The 
blood  contains  less  and  less  oxygen  as  the  pressure  is  reduced, 
the  quantity  present  in  the  arterial  biood  soon  becoming  less  than 
that  in  normal  venous  blood.  The  (]uaniity  of  carbonic  aad  in 
the  blood  is  also  dimini^ed.  The  increasing  dyspnoea  is  accom- 
panied by  great  general  feebleness ;  and  convulsions  though 
frequent  are  not  invariable.  The  occurrence  of  these  seems  to 
depend  on  the  suddenness  with  which  tlie  oxygen  of  the  blood 
is  diminished. 

Sudden  Diminution,  Death  in  these  cases  ensues  from 
the  liberation  of  gases  within  the  blood-vessels  and  the  consequent 
mechanical  interference  with  the  circulation*  Tlie  gas  which  is 
found  in  the  blood-vessels  on  examination  after  death  consists 
chiefly  of  nitrogen. 

Increase  of  Pressure.  Up  to  a  pressure  of  several 
atmospheres    of   air,    merely   syinptoms   of   narcotic    poisoning^ 

•  Finkler  and  Oertmajia,     Ffliigei's  Ar^hiv,  xiv.  (1877)  38. 

•  Paul  Bert,  Rtch,  Exp.  mr  la  Pressicn  Batvmtt,  1874. 
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altogether  like  those  of  breathing  an  excess  of  carbonic  acid,  are 
developed,  and  there  can  be  little  doubt  that  they  originate  from 
the  same  cause,  viz.  the  excess  of  carbonic  acid  in  the  blood. 
At  a  pressure  however  of  4  atmospheres  of  oxygen,  corresponding 
to  2  3  atmospheres  of  air,  and  upwards,  a  very  remarkable  pheno- 
menon presents  itself.  The  animals  die  of  asphv-xia  and  con- 
vulsions, exactly  in  the  same  way  as  when  oxygen  is  deficient. 
Corresponding  with  this  it  is  found  that  the  production  of  carbonic 
acid  is  diminished.  That  is  to  say,  when  the  pressure  of  the 
oxygen  is  increased  beyond  a  certain  limit,  the  oxidations  of  the 
body  are  diminished,  and  with  a  still  further  increase  of  the 
oxygen  are  arrested  altogether.  The  oxidation  of  phosphorus 
is  quite  analogous ;  at  a  high  pressure  of  oxygen  phosphorus 
will  not  bum.  Bert  has  further  shewn  that  plants,  bacteria,  and 
organized  ferments^  arc  similarly  killed  by  a  too  great  pressure 
of  oxygen. 


Sec  9.    Modified  Respiratory  Movements. 


CThe  respiratory  mechanism  with  its  adjuncts,  in  addition  to  its 
respiratory  function,  becomes  of  service,  especially  in  the  case  of 
man,  as  a  means  of  expressing  emotions.  The  respiratory  column 
of"  air,  moreover,  in  its  exit  from  the  chest,  is  frequently  made  use 
of  in  a  mechanical  way  to  expel  bodies  from  the  up|>er  air-passages. 
Hence  arise  a  number  of  peculiarly  modified  ind  more  or  less 
complicated  respiratory  movements,  sighing,  coughing,  laughter, 
&C.  adapted  to  secure  special  ends  which  arc  not  distinctly 
respiratory.  They  are  all  essentially  reflex  in  character,  the 
stimulus  determining  each  movement,  sometimes  affecting  a  peri- 
pheral afferent  nerve  as  in  the  case  of  coughing,  sometimes 
working  through  the  higher  parts  of  the  brain  as  in  laughter  and 
crying,  sometimes  possibly,  as  in  yawning  and  sighing,  acting  on 
the  respiratory  centre  itself.  Like  the  simple  respiratory  act,  they 
m;iy  with  more  or  less  success  be  carried  out  by  a  direct  effort 
of  the  wilL 


Sighing  is  a  deep  and  long-drawn  inspiration  chiefly  through 
the  nose  followed  by   a  somewhat  shorter,  but  correspondingly 
^^ large  expiration. 

L       CO 
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Yawning  is  similarly  a  deep  inspiration,  deeper  and  lunger 
continued  than  a  sigh,  drawn  through  the  widely  open  month,  ancS 
^jiccompanied    by  a    peculiar   depression   of  the   lower   jaw   and 
frequently  by  ati  elevation  of  the  shoulderav 


396 


COUGHING,  ETC 


[BOOK  n. 


Hiccough  consists  in  a  sudden  inspiratory  contractioD  of  the 
diaphragm,  in  the  course  of  which  the  glottis  suddenly  closes,  so 
that  the  furlher  entrance  of  air  into  the  chest  is  prevented,  wliile 
the  impulse  of  the  column  of  air  just  entering,  as  it  strikes  upoa 
the  closed  glottis,  gives  rise  to  a  well-known  accompanying  sound. 
The  afferent  impulses  of  the  reflex  act  are  conveyed  by  the  gastric 
branches  of  the  vagus.  The  closure  of  the  glottis  is  ciirried  out  by 
means  of  the  inferior  laryngeal  nerve.     See  yoitt. 

In  sobbing  a  series  of  similar  convulsive  inspirations  follow 
each  other  slowly,  the  glottis  being  closed  earlier  than  in  the  case 
of  hiccough,  so  that  litde  or  no  air  enters  into  the  chjst. 

Coughing  consists  in  the  first  place  of  a  deep  and  long- 
drasvn  inspiration  by  which  the  lungs  are  well  tilled  with  air.  This 
is  followed  by  a  complete  closure  of  the  glottis,  and  then  comes  a 
sadden  and  forcible  expiration,  in  the  midst  of  which  ifie  glottis 
suddenly  opens,  and  thus  a  blast  of  air  is  driven  through  the 
upper  respirfitory  passages.  The  afferent  imjjulses  of  this  reflcJt 
act  are  in  most  cases,  as  when  a  foreign  body  is  lodged  in  the 
larynx  or  by  the  side  of  the  epiglottis,  conveyed  by  the  superior 
laryngeal  nerve  ;  but  the  movemenl  may  arise  from  stimuli  applied 
to  other  aflerent  branches  of  the  vagus,  such  as  those  supplying 
the  bronchial  passages  and  stomach  (?)  and  the  auricular  branch 
disuibuied  to  the  weafus  externus.  Stimulation  of  other  nerves 
also,  such  as  these  of  the  skin  by  a  draught  of  cold  air,  may 
develope  a  cough. 

In  sneezing  the  general  movement  is  essentially  the  same, 
except  that  the  opening  irom  the  phar\'n.x  into  the  mouth  is  closed 
by  ihe  contraction  of  the  anterior  pillars  of  the  fauces  and  the 
descent  of  the  soft  palate,  so  that  the  force  of  the  blast  is  driven 
entirely  through  the  nose.  The  afferent  impulses  here  usually 
come  from  the  nasiil  branches  of  the  filth.  When  sneezing  however 
is  produced  by  a  bright  light,  the  optic  nerve  would  seem  to  be 
the  alTerent  nerve. 

Laughing  consists  essentially  in  an  inspiration  succeeded, 
not  by  one,  but  by  a  whole  series,  often  long  continued,  of  short 
spasmodic  expirations,  the  glottis  being  freely  open  during  the 
whole  time,  and  ilie  vocal  cords  being  thrown  into  characteristic 
vibrations. 

In  crying,  the  respiratory  movements  are  modified  in  the 
same  way  as  in  laughing  ;  the  rhythm  and  the  accompanying  facial 
expressions   arc   however  different,   though   laughing   and   crying 
Lfrequent'y  become  indi^tinguisttable,  \ 
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Our  real  knowledge  of  the  physiology  of  respiration  dates  back  from 
1777,  when  L;ivoii>ier  shewed  the  true  nature  of  combu'stion,  following 
close  as  this  did  upon  Pricsiley's  demonstration  of  the  identity  of  re* 
spiration  and  cotnbusUon  (177  r)  and  discover^'  of  oxygen  (1774).  Before 
that  time  the  chief  steps  of  progress  were,  the  discovery  by  Van 
Helmont  (1648)  that  gas  sylvestrc  (carbonic  acid  gas)  wa^  unfit  for 
respiration,  the  demonstration  by  Hook  (1664)  of  the  effects  of  arti- 
ficial respiration,  by  Lower  (1669)  of  the  connection  with  respiration 
of  the  difference  in  colour  between  venous  and  arterial  bloody  by 
Boyle  (1670)  of  the  necessity  for  respiratory  purposes  ot  the  air  dis- 
solved in  waicr,  the  observations  and  reflections  of  Mayow  (1674)  on 
the  spiritus  niiro*aereus  (oxygenX  in  which  he  narrowly  missed  antici' 
{iating  Lavoisier  by  a  century,  and  the  discovery  by  Black  (1757)  of 
carbonic  acid  in  air.  Lavoisier  however  held  that  the  respiratory 
combustion  took  place  in  the  bronchial  tubes,  a  hydro-carbonous  sub- 
stance being  secreted  for  that  purpose  from  the  blood  ;  and  though 
Lagrange  suggested  that  the  oxygen  might  be  absorbed  into  and  the 
carbonic  acid  exhaled  from  the  blood,  the  combustion  occurring  in  the 
blood  or  tissues,  and  Spallanzani  (1803)  and  W.  F.  Edwartl^  (i^^3) 
shewed  that  snails,  frogs  and  young  mammals  continued  to  produce 
carbonic  acid  in  an  atmosphere  of  hydrogen,  whereby  direct  combus- 
tion in  the  lungs  was  rendered  impossible,  Lavoisier's  view  held  its 
ground,  owing  to  ihc  difficulty  of  extracting  gases  from  the  blood, 
until  in  1837  Miignu^  used  the  mercurial  air-pump  and  proved  that 
both  venous  and  arterial  blood  contained  both  oxygen  and  carbonic 
acid.  His  researches  and  those  of  Lothar  Meyer  and  Fernet,  which 
fftllowed  soon  after,  form  the  basis  of  our  present  knowledge.  The 
laboi^s  of  Ludwig  and  his  school,  of  Pfliiger  and  his  pupils^  and 
of  others,  have  advanced  this  subject  to  its  present  condition.  The 
spectroscopic  discoveries  of  Hoppe-Scylcr  and  Stokes  have  proved 
of  great  and  increasing  importance ;  and  we  are  indebted  to 
Rosenthal  for  a  clear  exposition  of  the  nervous  mechanism  of 
respiration. 
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We  have  traced  the  food  from  the  alimentary  canal  into  the  blood, 
andt  did  the  state  of  our  knowledge  pem^it,  the  natural  course  oi 
our  study  would  be  to  trace  the  food  from  the  blood  into  the 
tissues,  and  then  to  follow  the  products  of  the  activity  of  the  tissues 
back  into  the  blood  and  so  out  of  the  body.  This  however  we 
cannot  as  yet  satisfactorily  do  ;  and  it  will  be  more  convenient  to 
study  first  the  final  products  of  the  metabolism  of  the  body,  and 
the  manner  in  which  they  are  eliminated,  and  afterwards  to  return 
to  the  discussion  of  the  intervening  steps. 

Our  food  consists  of  certain  food-stuffs,  viz.  proteids,  fats  and 
carbohydrates,  of  various  salts,  and  of  water.  In  their  passage 
through  the  blood  and  tissues  of  the  body,  the  proteids,  fats  and 
carbohydrates  are  converted  into  urea  (or  some  closely  allied  body), 
carbonic  acid  and  water,  the  nitrogen  of  the  urea  being  fumishe<1 
by  the  proteids  alone.  Many  of  the  proteids  contain  sulphur,  and 
also  have  phosphorus  attached  to  them  in  some  combination  or 
other^  and  some  of  the  fats  taken  as  food  contain  phosphorijs ; 
these  elements  ultimately  suffer  oxidation  into  phosphates  and 
sulphates,  and  leave  the  body  in  that  form  in  company  with  the 
other  salts.  ' 

Broadly  speaking  then,  the  waste  products  of  the  anim?l 
economy  are  urea,  carbonic  acid,  salts  and  waten  Of  these  a  larpe 
portion  of  the  carbonic  acid,  and  a  considerable  quantity  of  water, 
leave  the  body  by  the  lungs  in  respiration  ;  while  all  (or  nearly  all) 
the  urea,  the  greater  portion  of  the  salts,  and  a  large  amount  of 
water,  \vith  an  insignificant  quantity  of  carbonic  acid,  pass  away 
by  the  kidneys.  The  work  therefore  of  the  remaining  excretory 
tissue,  the  skin,  is  confined  to  the  elimination  of  a  comparatively 
small  quantity  of  salts,  a  little  carbonic  acid,  and  a  variable  but  on 
the  whole  large  quantity  of  water  in  the  form  of  perspiration.  The 
actual  excretion  by  tht;  bowel,  that  is  to  say,  that  portion  of  the 
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faeces  which  is  not  simply  undigested  matter,  we  have  seen  to  be 
very  smalt 

The  nature  and  amount  of  Ptrsptraiion, 

The  quantity  of  matter  which  leaves  the  human  body  by^vay 
of  the  skin  is  very  considerable.  Thus  Sequin*  estimated  that, 
while  7  grains  fiassed  away  through  the  lungs  per  minute,  as  much 
as  II  grains  escaped  through  the  skin.  .  The  amount  varies 
extremely;  Funke*  calculated,  from  data  gained  by  enclosing 
the  arm  in  a  caoutchouc  bag.  that  the  total  amount  of  perspiration 
from  the  whole  body  in  24  hours  might  range  from  2  to  20  kilos  ; 
but  such  a  mode  of  calculation  is  obviously  open  to  many  sources 
of  error. 

Of  the  whole  amount  thus  discharged,  part  passes  away  at  once 
as  watery  vapour  containing  volatile  matters,  while  part  may  remain 
for  a  lime  as  a  fluid  on  the  skin  ;  the  former  is  frequently  spoken  o< 
as  imtmihU,  the  latter  zssensibk  p>erspiration.  The  proportion  of 
the  insensible  to  the  sensible  perspiration  will  depend  on  the 
rapidity  of  the  secretion  in  reference  to  the  dryness,  temperature, 
and  amount  of  movement,  of  the  surroumling  atmosphere.  Thus, 
supposing  the  rate  of  secretion  to  remain  constant,  the  drier  and 
hotter  the  air,  and  the  more  rapidly  the  strata  of  air  in  contact  mth 
the  body  are  renewed,  the  greater  is  the  amount  of  sensible 
perspiration  which  is  by  evaporation  converted  into  the  insensible 
condition ;  and  conversely  when  the  air  is  cool,  moist,  and 
stagnant,  a  large  amount  of  the  total  perspiration  may  remain  on 
the  skin  as  sensible  sweat.  Since,  as  the  name  implies,  we  are 
ourselves  aware  of  the  sensible  perspiration  ouly^  it  may  and 
frequently  does  happen  that  we  seem  to  ourselves  to  be  perspiring 
largely,  when  in  reality  it  is  not  so  much  the  total  perspiration 
which  is  being  increased  as  the  relative  proportion  of  the  sensible 
perspiration.  The  rate  of  secretion  may  however  be  so  much 
increased,  that  no  amount  of  dryness,  or  heat,  or  movement  of  the 
atmosphere,  is  sufficient  to  carry  out  the  necessary  evaporation, 
and  thus  the  sensible  perspiration  may  become  abundant  in  a  hot 
dry  air.  And  practically  this  is  the  usuaJ  occurrence,  since  certainly 
a  high  temperature  conduces,  as  we  shall  point  out  presently,  to  an 
increase  of  the  secretion,  and  it  is  possible  that  mere  dryness  of  the 
air  has  a  similar  effect. 

The  total  amount  of  perspiration  is  affected  not  only  by 
the  condition  of  the  atmosphere,  but   also  by  il)e   nature  and 

•  Ann.  d^  CAim.,  JtC*  pp.  ^2,  403. 

•  Molcschott's  Unttrmih.,  iv.  p.  36. 
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quantity  of  food  eaten,  by  the  amount  of  fluid  drunk,  and  by  the 
amount  of  exercise  taken.  It  is  also  influenced  by  mental 
conditions,  by  medicines  and  poisons,  by  diseases,  and  by  the 
relative  activity  of  the  other  excreting  organs,  more  particularly  of 
the  kidney. 

The  fluid  perspiration,  or  sweat,  when  collected,  is  found  to  be 
a  clear  colourless  fluid,  with  a  strong  and  distinctive  odour  varying 
according  to  the  part  of  the  body  from  which  it  is  taken.  Besides 
accidental  epidermic 'scales,  it  contains  no  structuraJ  elements. 
The  reaction  of  the  secretion  of  the  sweat-glands,  apart  from  that 
of  the  sebaceous  glands,  appears  to  be  alkaline.  This  is  well  soen 
when  the  sweat  becomes  abundant.  An  admixture  of  sebaceous 
secretion  may,  when  the  sweat  itself  is  scanty,  give  rise  to  an 
acid  reaction*,  probably  from  the  sebaceous  fats  becoming  con- 
verted into  fatty  acids.  The  average  amount  of  sohds  is  about 
i*Hi  p.  c.^  of  which  about  two- thirds  consist  of  organic  substances. 
The  chief  normal  constituents  are:  (i)  Sodium  chloride  with 
small  quantities  of  other  inorganic  salts.  (2)  Various  acids  of  the 
fatty  series,  such  as  formic,  acetic,  butyric,  with  probably  propionic, 
caproic,  and  caprylic.  The  presence  of  these  latter  is  inferred 
from  the  odour  ;  it  is  probable  that  many  various  volatile  acids  are 
present  in  small  quantities.  Lactic  acid*  which  Bcrzdius  reckoned 
as  a  normal  constituent,  is  stated  not  to  be  present  in  health. 
(3)  Neutral  fats,  and  cholesterin ;  these  have  been  detected  evc-o 
m  places,  such  as  the  palms  of  the  hand,  where  sebaceous  glands 
are  absent.  (4)  Ammonia  (urea),  and  possibly  other  nitrogenous 
bodies. 

Funke^  detected  a  very  considerable  amount  of  urea  in  the  sweat 
gained  by  his  method,  so  much  so  that  he  calculated  the  total  amount 
given  off  by  the  skin  in  24  hours  at  about  10  grms.  R.inke*  on  the 
other  hand,  who  collected  some  of  the  sweat  given  off  when  the  body 
was  fxpostd  in  a  large  space  to  an  abundant  atmosphere,  found  no 
evidence  whatever  of  urea.  This  striking  contradicljon  has  not  yet 
been  explained,  though,  as  will  be  seen  in  dealing  wjth  nutrition,  the 
satisfactory  results  which  are  gnincd  by  supposing  that  under  normal 
conditions  all  the  urea  passes  oat  by  the  kidneys,  render  it  probable 
that  Funke*s  result  is  essentially  an  abnormal  one.  In  various  forms 
of  disease  the  sweat  has  been  found  to  contain,  sometimes  in  consider- 
able quantities,  blood  (in  bloody  sweat),  albumin,  urea  (particularly  in 
cholera),  uric  acid,  calcium  oxalate,  sugar,  lactic  acid,  indigo,  bile  and 
other  pigments.  Iodine  and  potassium  iodide,  succinic,  tartaric,  and 
benzoic  (partly  as  hippuric)  acids  have  been  found  in  the  sweat  when 
taken  internally  as  medicines. 

•  Cf.  TrUmpy  and  Luclisinger,  PnUgcr's  Archm,   xviil.  (l87»)  p.  494- 
"  Funkc.  ap.  cit,  ^  Op.ciL  *  Tetanus,  p.  247. 
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A  frog,  the  lungs  of  which  have  been  removed,  will  continue 
to  live  for  some  time  ;  and  during  that  period  will  continue  not 
only  to  produce  carbonic  acid,  but  also  to  consume  oxygen.  In 
other  words,  the  frog  is  able  to  breathe  without  lungs,  respiration 
being  carried  on  efficiently  by  means  of  the  skin.  In  mammals 
and  in  man  this  cutaneous  respiration  is,  by  reason  of  the  thickness 
of  the  epidermis,  restricted  to  within  very  narrow  limits  ;  neverthe- 
less, when  the  body  remains  for  some  time  in  a  closed  chamber  to 
which  the  air  passing  in  and  out  of  the  lungs  has  no  access  (as 
when  the  body  is  enclosed  in  a  large  air-ti:;ht  bag  fitting  lightly 
round  the  neck,  or  where  a  tube  in  the  trachea  carries  air  to  and 
from  the  lungs  of  an  animal  placed  in  an  air  tight  box),  it  is  found 
that  the  air  in  the  chamber  loses  oxygen  and  gains  carbonic  acid. 
The  amount  of  carbonic  acid  which  is  thus  thrown  off  by  the  skin 
of  an  average  man  in  24  hours  amounts  according  to  Scharhng  to 
no  more  than  aliout  10  grms.,  according  to  Aubert*  to  about 
4  grms.^  increasing  with  a  rise  of  temperature^  and  being  very 
markedly  augmented  by  bodily  exercise.  Regnault  and  Rciset 
state  that  the  amount  of  oxygen  consumed  is  about  equal  in 
volume  to  that  of  the  carbonic  acid  given  off,  but  Gerlach*  makes 
it  rather  less.  It  is  evident  therefore  that  the  loss  which  the  body 
suffers  through  the  skin  consists^iefly  of  water. 

The  thickness  of  the  mammalian  or  human  epidermis  must  afford  a 
great  obstruction  to  any  diffusion  between  the  blood  in  the  cutaneous 
capillaries  and  the  external  air.  It  has  been  suggested  that  the  car- 
bonic acid  makes  its  exit  in  the  form  of  cartionatcs  present  rn  the 
sweat,  and  that  these  being  decomposed  by  the  acids  also  present  in 
sweat,  tlicir  carbonic  acid  is  set  free. 

When  an  animal,  such  as  a  rabbit,  is  covered  over  with  an 
impermeable  varnish  such  as  gelatine,  so  that  all  exit  or  entrance 
of  gases  or  liquids  by  the  skin  is  prevented,  death  shortly  ensues. 
This  result  cannot  be  due,  as  was  once  thought,  to  arrest  of 
cuLineous  respiration,  seeing  how  insignificant  is  the  gaseous 
interchange  by  the  skin  as  compared  with  that  by  the  lungs.  Nor 
are  the  symptoms  those  of  asphyxia,  but  rather  of  some  kind  of 
poisoning,  marked  by  a  very  great  fall  of  temperature,  which  how- 
ever does  not  seem  to  be  the  result  of  diminished  production  of 
heat,  since  according  to  Burdon-Sanderson  it  is  coincident  with  an 
actual  increase  of  the  discharge  of  heat  from  the  surface*    The 


•  Pflii^i  ArfAiv,  VI,  (1872)  539. 
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animal  may  be  restored,  or  at  all  events  its  life  may  be  prolonged 
with  abatement  of  the  symptoms,  if  the  great  loss  of  heat  which 
is  evidently  taking  place  be  prevented  by  covering  the  body 
thickly  with  cotton  wool,  or  keeping  it  in  a  warm  atmosphere. 
The  symptoms  have  not  as  yet  been  clearly  analysed,  but  they 
seem  to  be  due  in  part  to  a  pyrexia  or  fever  possibly  caused  by  the 
retention  within  or  re-absorption  into  the  blood  of  some  of  the 
constituents  of  the  sweat,  or  by  the  products  of  some  abnormal 
metabolism,  and  in  part  to  a  dilation  of  the  cutaneous  vessels 
which  causes  an  abnormally  large  loss  of  heat,  even  through  the 
varnish. 

According  to  Rohrig' the  injection  of  fresh  filtered  human  sweat 
Into  the  veins  of  a  rabbit  causes  pyrexia^  and  albuminuria,  and  thus 
produces  some  of  the  etfccts  of  Wamtshing/ 

TAe  Secretion  of  Perspiratiofu 

The  skin  contains,  besides  the  ordinary  sudoriparous  glands, 
the  sebaceous  glands,  and  the  special  odoriferous  glands  of  the 
axilla,  anus,  and  other  regions*  With  regard  to  the  various  volatile 
and  odoriferous  substances  peculiar  to  sweat,  and  especially  with 
regard  to  those  peculiar  to  the  sweat  of  particular  regions  of  the 
skin,  there  can  be  no  doubt  that  these  are  secreted  by  the  epithe- 
lium of  the  appropriate  glands.  TThere  can  be  equally  no  doubt 
that  the  fats  which  come  to  the  surface  of  the  skin  from  the 
sebaceous  glands  arise  from  a  metabolism  of  the  cells  of  those 
glands.  And  wt  shall  probably  not  go  far  wrong  in  regarding  the 
sweat  as  a  whole  as  supplied  by  the  sweat-glands  alone.  For 
though  it  seems  evident  that  some  amount  of  fluid  must  pass  by 
simple  transudation  through  the  ordinary  epidermis  of  the  portions 
of  skin  intervening  between  the  mouths  of  the  glands,  yet  on  tlie 
whole  it  is  probable  that  the  portion  which  so  passes  is  a  small 
fraction  only  of  the  total  quantity  secreted  by  the  skin  ;  and 
Erismann*  finds  that  even  the  simple  evaporation  of  water  is  much 
greater  from  those  parts  of  the  skin  in  which  the  glands  arc 
abundant  than  from  those  in  which  they  are  scanty. 

The    nervous    mechanism    of    Perspirations,      The 

secreting  activity  of  the  skin,  like  that  of  other  glands,  is  usually 
accompanied  and  aided  by  vascular  dilation.    In  one  of  Bernard's 

»  yahrh.f.  Bain.,  I.  I.  ■  Zeituhrifif  Bhi.,  XU  I, 

»  Luchsinger  and  Kendall,  Pfliigcr's  Archiv^  XIIL  (1S76)  p,  212.  Luchsingtr, 
ii'U.,  XIV.  11877)  p.  369;  XV.  (1877)  p.  482;  XVI.  {1878)  |>.  545:  XVIIU 
(1878)    p.  47S,   p.   483.       Oslroimiofr,  Moskauer   Urttiick^  Anifiget^   18761 
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early  experiments  on  division  of  the  cervical  sympathetic,  it  was 
observed  that  in  the  case  of  the  horse,  the  vascular  dilation  of 
the  face  on  the  side  operated  on  was  accompanied  by  increased 
perspiration.  Indeed  the  connection  between  the  slate  of  the 
cutaneous  blood-vessels  and  the  amount  of  perspiration  is  a  matter 
of  daily  observation.  When  the  vessels  of  the  skin  are  contracted, 
tlie  secretion  of  the  skin  is  dimmished ;  when  they  are  dilated  it 
becomes  abundant.  And  in  this  way,  as  we  shall  later  on  point 
out,  the  temperature  of  the  body  is  largely  regulated.  When  the 
surrounding  atmosphere  is  warm,  the  cutaneous  vessels  are  dilated, 
the  amount  of  sweat  secreted  is  increased,  and  the  consequently 
augmented  evaporation  tends  to  cool  down  the  body.  On  the 
other  hand,  when  the  atmosphere  is  cold,  the  cutaneous  vessels 
are  constricted,  perspiration  is  scanty,  and  less  heat  is  lost  to  the 
body  by  evaporation. 

The  analogy  with  the  other  secreting  organs  which  we  have 
already  studied  leads  us  however  to  infer  that  there  arc  special 
nerves  directly  governing  the  activity  of  the  sudoriparous  glands, 
independent  of  variations  in  the  vascular  supply.  And  not  only 
view  supported  by  many  pathological  facts,  such  as  the 
;c  perspiration  of  the  death  agony,  of  various  crises  of 
Ilsease,  and  of  certain  mental  emotions,  and  the  cold  sweats 
occurring  in  phthisis  and  other  maladies,  in  all  of  which  the  skin 
is  anaemic  rather  than  hypeniiraic;  but  we  have  direct  experimental 
evidence  of  a  nervous  mechanism  of  perspiration  as  complete  as 
the  vasomotor  mechanism. 

If  in  the  dog  or  cat  (the  latter  animal  being  especially  suitable 
for  these  purposes)  the  peripheral  stump  of  the  divided  sciatic 
nerve  be  stimulated  with  the  interrupted  current,  a  profuse  sweat 
breaks  out  in  the  foot,  and  may  readily  be  observed  in  the  balls 
of  the  toes.  Not  only  may  the  secretion  be  observed  when  the 
cutaneous  vessels  are  thrown  into  a  state  of  constriction  by  the 
stimulus,  but  it  also  appears  when  the  aorta  or  crural  artery  is 
damped  previous  to  the  stimulation,  or  indeed  when  the  leg  is 
amputated*  Moreover  when  atropin  has  been  injected,  the  stimu- 
lation produces  no  sweat,  though  vaso-motor  effects  follow  as 
usual.  The  analogy  between  the  sweat>glands  of  the  foot  and 
such  a  gland  as  the  submaxillary  is  in  fact  very  close,  and  we  are 
jtistitied  in  speaking  of  the  sciatic  nerve  as  containing  secretory 
fibres  distributed  to  the  sudoriparous  glands  of  the  hind  limb* 

Nftwrocki,  CR/  wud.  iVlsj,,  1878,  pp.  2,  17,  721.  AdamkicwtcT,  jDir  Saen- 
th$t  da  Sthmnsies,  JS7S.  Vutpian,  C^tmpi  Kemt,,  T.  S6  (1S7S),  pp.  1353, 
ijcS,  1438  J  T.  87  (1878),  pp.  311,  3SO.  471.  Coyne.  itiiL,  T.  86  (1878). 
p.  1276. 
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Similar  results  may  be  obtained  with  the  nenes  of  the  fore  limb 
and  of  other  parts  of  the  bo<ly-  And  in  ourselves  a  copious 
secretion  of  sweat  may  be  induced  by  tetamzing  through  the  skin 
the  nerves  of  the  Hnibs  or  the  face. 

If  a  cat  in  which  the  sciatic  nerve  has  been  divided  on  one 
side  be  exposed  to  a  high  temperature  m  a  heated  chamber,  tlie 
limb  the  nerve  of  which  has  been  divided  remains  dry,  while  the 
whole  of  the  rest  of  the  skin  sweats  freely.  This  result  shews  that 
the  sweating  which  is  caused  by  exposure  of  the  body  to  high 
temperatures  is  brought  about  not  by  a  local  action  on  the  swtrat- 
glands  but  by  the  agency  of  the  central  nervous  system.  A  high 
temperature  up  to  a  certain  limit  increases  the  irritability  of  the 
epithelium  of  the  sweat-glands  as  it  does  that  of  other  forms  of 
protoplasm :  thus  stimulation  of  the  sciatic  in  the  cat  produces  a 
much  m»re  abundant  secretion  in  a  limb  exposed  to  a  temperature 
of  35"  or  somewhat  above,  than  in  one  which  has  been  exposed 
to  a  distinctly  lower  temperature,  and  in  a  limb  which  has  been 
placed  in  ice-cold  water  hardly  any  secretion  at  all  can  be  gainetl ; 
but  apparently  mere  rise  of  temperature  without  nerve-stimulation 
win  not  give  rise  to  a  secretory  activity  of  the  glands.  The 
sweating  caused  by  a  dyspnoeic  condition  of  blood,  and  sudi 
appears  to  be  the  sweat  of  the  death  agony,  is  similarly  brought 
about  by  the  agency  of  the  central  nerv^ous  system.  When  an 
animal  with  the  sciatic  nerve  divided  on  one  side  is  made  dysp- 
noeic,  no  sweat  appears  in  the  hind  limb  of  that  side,  though 
abundance  is  seen  in  other  parts  of  the  body. 

Sweating  may  be  brought  about  as  a  retlex  act.  Thus  when 
the  central  stump  of  the  di\'ided  sciatic  is  stimulated  sweating 
is  induced  in  the  other  limbs,  and  the  introduction  of  pungent 
substances  into  the  mouth  will  frequently  give  rise  to  a  copious 
perspiration  over  the  side  of  the  face.  We  are  thus  led  to  speak 
of  sweat  centres,  analogous  to  the  vaso-motor  centres,  as  existing 
in  the  central  nervous  system ;  and  as  in  the  case  of  vaso-motor 
centres,  a  dispute  has  arisen  as  to  whether  there  is  a  dominant 
sweat  centre  in  the  medulla  oblongata  or  whether  such  centres 
arc  more  generally  distributed  over  the  whole  of  the  spinal  cord. 

It  does  not  at  present  appear  certain  whether  the  sweating 
caused  by  heat  is  carried  out  by  direct  action  on  the  sweat  centres, 
or  by  the  higher  temperature  affecting  the  skin  and  so  producing 
its  effect  in  a  reflex  manner ;  but  m  the  case  of  dyspnoea  at  least 
we  may  fairly  suppose  that  the  action  of  the  venous  blood  is 
chiefly  if  not  exclusively  on  the  nerve  centres*  Dnigs,  such  as 
pilocaqiin,  which  cause  sweating  appear  to  act  locally  on  tlie 
glands  (though  pilocarpin  at  least  has  as  well  some  action  on  the 
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nerve  centres),  and  the  antagonistic  action  of  atropin  is  similarly 
local.  Nicotiji  appears  to  produce  its  sweating  action  chiefly  by 
acting  on  the  central  nervous  system. 

The  sweat  ftbrci  for  ihc  hind  foot  (in  the  cat),  according  to  Nawrocki 
and  Luihsinger*,  leave  the  spinal  cord  by  the  roots  of  the  last  dorsal 
and  fiist  two  lumbar  or  laat  two  dorsal  and  first  four  lumbar  nerves, 
ass  alunj^  the  nimi  commuHicanUs  to  the  abdominal  sympathcliCjand 
thus  reach  the  sci;.*tic  nerve.  Similarly  the  sweat-nerves  for  the  fore 
fayt  leave  the  spinal  cord  by  the  roots  of  the  fourth  (or  fourth,  fifth, 
and  sixth)  dorsal  nerves,  pass  into  the  thoracic  sympathetic,  thence  into 
the  ganglion  steUatum,  and  thus  join  the  brachial  plexus  ;  the  course 
to  the  foot  is  finally  along  the  median  and  ulnar  nerves  respectively. 
According  to  them,  when  the  abdominal  sympathetic  below  the  junction 
with  the  second  or  fourth  lumbar  root  is  divided  sweating  cannot  be 
induced  by  nervous  agency  in  the  hind  foot  ;  and  section  of  the  thor- 
acic sympathetic  above  the  junction  with  the  fourth  dorsal  root  or 
removal  of  the  ganglion  stellaium  similarly  prevents  the  sweating  of 
the  fore-foot  Vulpian  ',  on  the  other  band,  finds  that  the  sweat-fibres 
pass  in  a  direct  course  along  the  roots  of  the  sciatic  or  brachial  plexus, 
and  sees  reason  to  believe  that  the  sympathetic  tracts  contain  inhibi- 
tory fibres,  since  he  has  been  able  to  check  perspiration  by  stimulating 
"  esc  nerves. 

Nawrocki '  found  th.it  the  reflex  excitation  of  sweat  by  stimulation 
of  the  central  isciatic  failed  when  the  spinal  cord  was  divided  below 
the  medulla.  Hence  he  believed  that  a  general  sweat  centre  was  situate 
in  the  medulla  oblongata.  Sweating  in  the  hind  limbs  may  however 
be  produced  after  section  of  the  cord  in  the  dorsal  region  cither  by 
dyspncea  or  by  beating,  and  these  act  as  we  have  seen  through  a  nerve 
centre.  Luchsingcr*  indeed  found  that  so  long  as  a  portion  of  the  cord 
in  the  lower  dorsal  and  upper  lumbar  region  was  left  intact,  sweating 
could  thus  be  induced  in  the  hind  limbs  even  when  all  the  nerve-roots 
had  been  divided,  except  those  springing  from  the  intact  portion  of  the 
cord  ;  but  that  the  effect  entirely  ceased  when  this  portion  of  the  cord 
was  destroyed.  He  accordingly  inferred  that  a  sweat  centre  for  t)ie 
hind  limbs  existed  in  this  part  of  the  cord. 

Absorption  by  the  Skin. 

Although  under  normal  circumstances  the  skin  serves  only  as 
a  channel  of  loss  to  the  body,  there  are  facts  which  seem  to  shew 
that  it  may,  under  particular  circumstances,  be  a  means  of  gain. 
Cases  are  on  record  where  bodies  have  been  ascertained  to  have 
gained  in  weight  by  immersion  in  a  bath,  or  by  exposure  to  a 
^vmoist  alniosphcrc  during  a  given  period,  in  which  no  food  or 
^Bdrink  was  taken,  or  to  have  gained  more  than  the  weight  of  the 
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to  the  absorption  of  water.  It  is  doubtful  whether  substances  in 
aqueous  solution  can  be  absorbed  by  the  skin  when  tlie  epiticirais 
is  intact,  the  evidence  on  this  point  being  coniradictory ;  but 
absorption  takes  place  very  readily  from  abraded  surfaces,  and 
even  solid  particles  rubbed  into  the  sound  skin  may,  especially 
when  applied  in  a  fatty  vehicle,  as  ex.  gr,  in  the  well-kncwn 
mercury-ointment,  find  their  way  into  the  underlying  lymphaitu*. 

In  the  case  of  the  sound  human  skin  the  balance  of  conflicting  evi- 
dence is  in  favour  of  the  view  that  soluble  non-volatile  substances  are 
not  absorbed,  and  that  volatile  substances  such  as  iodine  which  may 
be  detected  in  the  system  after  a  bath  containing  them  are  al>sorted 
not  by  the  skin  but  by  the  mucous  membrane  of  the  respiratory  orgars, 
the  substance  making  its  way  to  the  latter  by  volatihsation  firom  the 
surface  of  the  bath. 

In  the  case  of  the  skin  of  the  frog  an  absorption  of  water, 
and  of  various  soluble  substances  would  certainly  appear  to  take 
place ». 

*  Gtttlmann,  Virchow's  Arihiv^  Bd.  35  <i865),  p.  451  ;  Bd.  41  (1867)^ 
p,  105,  Stirling^  J&um,  Anat,  and Phys,,  XL  (1877),  p.  529 ;  V.Willich^  M//4. 
«.  d,  Konigibtrgtr  phynolog,  LaboraL^  1878,  p.  24. 


CHAPTER   IV. 


SECRETION  BY  THE  KIDNEYS. 


The  epitheliura  of  the  kidney,  like  that  of  the  alimentary  canal, 
is  a  secreting  tissue.  The  protoplasmic  cells  which  line  at  least  a 
lurge  portion  of  the  tubuit  uriniftri  elaborate  from  the  blood,  in  a 
manner  which  wc  shall  presently  discuss,  certain  substances,  and 
discharge  them  into  the  channels  of  the  tubules.  Besides  these 
distinctly  active  secreting  structures,  however,  the  kidney  exhibits 
in  its  Malpighian  bodies  an  arrangement  very  analogous  to  that 
which  obtains  in  the  lungs.  Just  as  in  the  latter  the  functions  of 
the  alveolar  epithelium  are  reduced  to  a  minimum,  and  the 
entrance  and  egress  of  the  gases  of  respiration  are  mainly  carried 
on  by  diffusion,  so  in  the  former  the  epithelium  covering  the 
glomeruli  can  have  but  little  secreting  activity,  and  the  passage  of 
material  from  the  interior  of  the  convoluted  blood-vessels  into  the 
cavities  of  the  tubules  must  be  chiefly  a  matter  of  simple  filtration. 
What  substances  pass  in  this  way,  and  what  substances  are 
secreted  by  the  direct  action  of  the  epithelium  of  the  secreting 
tubules,  we  shall  shortly  consider.  The  various  substances 
passing  in  either  the  one  or  the  other  way,  in  company  with 
a  large  amount  of  water,  into  the  ducts  of  the  gland,  constitute 
Ihe  secretion  called  urine.  And  since  none  of  the  substances 
so  thrown  out  are  of  any  further  use  in  the  economy,  but  are  at 
once  carried  away,  urine  is  generally  spoken  of  as  an  excretion* 

Sec  I.     Composition  or  Urine. 

The  healthy  urine  of  man  is  a  clear  yellowish  fluorescent  fluid, 
of  a  peculiar  odour,  saline  taste,  and  acid  reaction,  ItaWng  a  mean 
specific  gravity  of  I'oao,  and  generally  holding  in  sasiK:nsion  a 
little  mucus.  The  normal  constituents  may  be  arranged  in  several 
classes. 

1,  Water. 

2.  Inorganic  salts.  These  for  the  most  part  exist  in 
urine  in  natural  solution,  the  composition  of  the  ash  almost 
exactly  corresponding  with  the  results  of  the  direct  analysis  of 
(he  fluid  ',  in  this  respect  urine  contrasts  forcibly  with  bloody  ths. 
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ash  of  which  is  largely  composed  of  inorganic  substances,  which 
previous  to  the  combustion  existed  in  peculiar  combination  with 
proteid  and  other  complex  bodies.  In  the  ash  of  urine  there  is 
rather  more  sulphur  than  corresponds  to  the  sulphuric  acid 
directly  determined  ;  this  indicates  the  existence  in  urine  of  some 
sulphur-holding  complex  body.  And  there  are  traces  of  iron, 
pointing  to  some  similar  iron -holding  substance.  But  otherwise, 
all  the  substances  found  in  the  ash  exist  as  salts  in  the  natural 
liuid.  The  most  abundant  and  miportant  is  sodium  chloride. 
There  are  found  in  smaller  quantities,  calcium  chloride*  potassium 
and  sodium  sulphates,  sodium,  calcium  and  magnesium  phosphateSj 
with  traces  of  silicates.  Alkaline  carbonates  are  frequently  found, 
and  nitrates  in  small  quantity  are  also  said  to  be  sometimes  present. 
The  phosphates  are  derived  partly  from  the  phosphates  taken 
as  such  m  tood,  partly  from  the  phosphorus  or  phosphates 
peculiarly  associated  with  the  protcids,  and  partly  from  the 
phosphorus  of  ci  riain  complex  fats  such  as  lecithm.  When  urine 
becomes  alkaline,  the  cakic  and  magncsic  phosphates  are  pre- 
cipitated, the  sodium  phosphates  remaining  in  solution.  The 
sulphates  are  derived  partly  from  the  sulphates  taken  as  such  in 
food  and  partly  from  the  sulphur  of  the  proteids.  The  carbonates, 
when  occurring  in  large  quantity,  generally  have  their  origin  in  the 
oxidation  of  such  salts  as  citrates,  tartrates,  &c.  The  bases 
present  depend  largely  on  the  nature  of  the  food  taken.  Thus 
with  a  vegetable  diet,  the  excess  of  the  alkalis  in  the  food 
reappears  in  the  urine  ;  with  an  animal  diet,  the  earthy  bases  in  a 
similar  way  come  to  the  front, 

3.  Nitrogenous  crystalline  bodies,  derivatives  of  the 
metabolism  of  the  proteids  of  the  body  and  food.  First  and 
foremost  come  urea  and  its  immediate  ally,  uric  acid.  These  will 
be  considered  in  detail  hereafter  ;  ihey  are  the  typical  products  of 
the  metabolism  of  proteids.  Exibting  in  much  smaller  quantities 
are  a  number  of  bodies  more  or  less  closely  related  to  urea,  which 
may  for  the  roost  part  be  regarded  as  less-compleiely  oxidised  pro- 
ducts of  metabolism.  Such  are:  kreatinin,  xanthin,  hypoxanthin, 
and  occasionally  allantoin.  To  these  may  be  added  hippuric  acid, 
ammonium  oxalurate,  and,  at  times,  taurin,  cystin,  leucin,  and 
tyrosin.  These  too  we  shall  have  to  consider  in  dealing  with  the 
metabolism  of  the  body, 

4,  Non-nitrogenous  bodies.  These  exist  in  very  small 
quantities,  and  many  of  them  are  probably  of  uncertain  occur* 
rence.  They  are  organic  acids,  such  as  lactic,  succinic,  formic, 
oxalic,   phenylic,   &a     It    has    been    maintained    tliat    minute 
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quantities  of  sugar  are  invariably  present  in  even  healthy 
urine;  this  however  has  not  as  yet  been  placed  beyond  all 
doubt. 

5.  Pigments.  These  are  at  present  very  imperfectly  under- 
stood. Whether  the  natural  yellow  cnlour  of  urine  be  due  to  a 
sinjile  pigment,  the  urot'hromt  of  Thudichum,  or  to  more  llian  one, 
and  what  is  the  exact  nature  of  these  pigments,  must  he  left  un- 
decided. As  was  stated  above  (p.  39).  the  unne  frequently  contains 
urobilin  ;  and  the  peculiar  red  colour  of  some  rheumatic  urines  is 
^uc  to  the  presence  of  a  body  called  by  Yiout  purpurin  and  by 
"  eller  uroerythrin.     The  urine   of   man  and  of  many  animals^ 

pecially  of  the  dog,  contains  inJican,  which  under  certain  cir- 
stances  may  give  rise  to  the  production  of  indigo-blue, 

6.  Other  bodies.  Urine  treated  with  many  times  its 
volume  of  alcohol  gives  a  precipitate.  In  this  precipitate  is  found 
a  body,  giving  proieid  reactions ;  and  an  aqueous  solution  nf  the 
precipitate  is  both  amylolytic  and  proteolytic,  i.e,  apijears  to  con- 
tain some  of  both  the  salivary  (pancreatic)  ferment  and  pepsin, 

7.  Gases.      Those  gases  which  can  be  extracted  from  urine 
y  the  mercurial  pump  art;  chiefly  nitrogen  and  carbonic  acid, 

oxygen  occurnng  in  very  small  quantities  or  being  wholly  absent 

The  (quantities  in  which  these  multifarious  constituents  are 
present  vary  within  very  wide  limits,  being  dependent  on  the 
nature  of  the  food  taken,  and  on  the  circumstances  of  the  body- 
These  points  wUl  be  considered  in  the  succeeding  chapter.  What 
may  be  called  the  average  composition  of  human  urine  is  shewn 
in  the  following  table. 

AMOUNTS  OF  THE  SEVERAL   URINARY  CONSTITUENTS 
PASSED   IN  TVVENTV-FOUK    HOURS.    (ArrRK   I'^ukcs.) 

fiv  u)  avcTBtfe 

E^ater 
|*otAl  Solids 
|7reA 
tJnc  Acid 
Hippuric  Acid 
Krvatinin 
Figment,  and 
other  substances 
Stilphunc  Add 
Phosphoric  Add 
Chlorine 
AmoiijiniA 
Votossium 
Sodium 
Cildimi 
Magnesium 


By  uiavMue 
tnanof66kifoj. 

Vtr  1  IcOo. 
of  Body  Weight. 

500XJCK1  grammes 

23'ouuo  gnumnes 

7iooo 

I'XOOO 

31*80 

•5000 

555 

■0084 

•400 

-0060 

*9]o 

*oi40 

lO'OOO 

•1510 

2*Ot2 

■o.V>5 

3'<^ 

xm8o 

7-000  (S-2I) 

•ti6o 

•770 

1-500 

11*090 

•260 

•207 
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Acidit}^  of  Urine.  The  healthy  urine  of  man  is  add,  the 
amount  of  acidity  being  about  equivalent  to  2  grms.  of  oxalic  acid 
in  twenty-four  hours.  It  is  due  to  the  presence  of  acid  sodium 
phosphate,  the  absence  of  free  acid  being  shewn  by  the  fact  ihat 
sodium  hyposulphite  gives  no  precipitate.  The  amount  of  acidity 
varies  much  during  the  twenty-four  hours,  being  m  an  ihverse  ratio 
to  the  amount  of  arcid  secreted  by  the  stomach  ;  thus  it  decreases 
after  food  is  taken,  and  increases  as  gastric  digestion  becomes  com- 
plete. It  varies  with  the  nature  of  the  food  ;  witli  a  vegetable  diet 
the  excess  of  alkalis  secreted  leads  to  alkalinity,  or  at  least  to 
diminished  acidity,  whereas  this  effect  is  wanting  with  an  animal 
diet,  in  which  the  earthy  bases  preponderate.  Hence  the  urine  o( 
carnivora  is  generally  very  acid^  while  that  of  herbivora  is  alkaline. 
The  latter,  when  fasting,  are  for  the  time  being  carnivorous,  living 
enrirely  on  their  own  bodies,  and  hence  their  urine  becomes  under 
these  circumstances  acid. 

The  natural  acidity  increases  for  some  time  after  the  urine  has 
been  discharged,  owing  to  the  formation  of  fresh  acid,  apparcndy 
by  some  kind  of  fenncntation.  This  increase  of  acid  frequendy 
causes  a  precipitation  of  urates,  which  the  previous  acidity  has 
been  insuflicient  to  throw  down.  After  a  while  liowever  the  acid 
reacrion  gives  way  to  alkalinity.  This  is  caused  by  a  conversion 
of  the  urea  into  ammonium  carbonate  through  the  agency  of  a 
specific  ferment.  This  ferment  as  a  general  rule  does  not  make  its 
appearance  except  in  urine  exposed  to  the  air ;  it  is  only  m  un- 
healthy conditions  that  the  fermentation  takes  place  within  the 
bladder. 

Abnormal  constituents  of  Urine.  The  structural  ele- 
ments found  in  the  urine  under  various  circumstances  arc  blood, 
pus  and  mucous  corpuscles,  epithelium  from  the  bladder  and 
kidney,  and  spermatozoa.  Serum-albumin,  tibrin  (frequently  as 
'casts'),  alkah-albumin,  globulin,  a  peculiar  form  of  albumin, 
(discovered  by  Bencc-Jones  in  moUities  ossium^  characterised  by 
being  soluble  at  high  temperatures,  and  re-discovcred  by  Kiihnc 
as  a  product  of  digestion),  fats,  cholesterin,  sugar,  leucin,  tyrosin, 
oxalic  acid,  bile  acids  and  bile  pigment,  may  be  enumerated  as  the 
most  important  metabolic  products  abnormally  present  in  urine. 
Besides  these  the  urine  serves  as  the  chief  channel  of  elimination 
for  various  bodies,  not  proper  constituents  of  food,  which  may 
happen  to  have  been  taken  into  the  system.  Thus  various 
minerals,  alkaloids,  salts,  pigmentary  and  odoriferous  matters,  may 
be  passed  unchanged.  Many  substances  thus  occasionally  takea 
suffer  changes  in  fiassing  through  the  body  ;  the  most  important 
of  these  will  be  considered  in  a  succeeding  chapter. 
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We  have  already  called  attention  to  the  fact  that  the  kidney, 
unlike  the  other  secreting  organs  which  we  have  hitherto  studied, 
consists  of  two  distinct  parts :  of  an  actively  secceling  part,  the 
epithelium  of  the  secreting  tubules,  and  of  what  may  be  called  a 
filtenng  part,  the  Malpighian  bodies.  Corresponding  to  this 
double  structure  we  find  that,  of  the  various  urinary  constituents 
enumerated  in  tlie  preceding  section,  some,  such  as  sodium 
chlonde,  art  known  to  be  present  in  the  blood  independently.of 
any  activity  of  the  kidney ;  others,  such  as  the  urinary  pigments, 
appear  to  be  absent  from  the  blood ;  while  of  others,  such  as 
urea,  it  is  probable  that  their  occurrence  in  the  blood  is  in  part 
the  result  of  some  previous  renal  action,  or  at  least  it  is  not 
certain  that  this  is  not  the  case.  The  first  of  these  we  may  fairly 
suppose,  as  Bowman*  long  ago  suggested,  to  be  in  large  part  at 
least  simply  filtered  through  the  renal  glomeruli ;  the  others  we 
may  regard  provisionally  as  the  products  of  the  activity  of  the 
renal  epithelium.  Since  the  passage  of  fluids  and  dissolveil 
substances  through  membranes  is  in  large  part  directly  dependent 
on  pressure,  the  extent  and  rapidity  of  that  part  of  the  whole 
process  of  the  secretion  of  urine  which  is  a  mere  filtration,  will 
be  directly  affected  by  the  amount  of  arterial  pressure  in  the  renal 
arteries,  while  the  effect  of  variations  of  arterial  pressure  on  that 
part  of  the  process  which  is  a  real  active  secretion,  will  be  an 
indirect  one  only.  Since,  then,  the  discharge  of  urine  by  the 
kidneys  must  be  to  a  much  greater  extent  than  is  the  case  with 
the  secretion  of  saliva  or  of  gastric  juice  a  mere  matter  of 
pressure,  it  will  be  more  convenient  to  study  the  relations  of 
urinary  secretion  to  blood- pressure  before  we  enter  upon  the 
4iscussion  of  the  active  secretion  itself. 

Tkg  relation  of  the  Secretion  of  Urine  to  Arterial  Pnssurt, 

The  circumstance  to  which  we  have  to  direct  our  attention  is 
the  extent  of  pressure  present  in  the  small  vessels  of  the  renal 
glomeruli.  The  more  the  pressure  of  the  blood  in  these  exceeds 
the  pressure  of  the  fluid  in  the  channels  of  the  uriniferous  tubules, 
the  more  rapid  and  extensive  will  be  the  filtration  from  tlic  one 
into  the  other. 

This  local  blood-pressure  in  the  small  vessels  of  the  glomeruli 
may  be  increased — 

I.  By  an  increase  of  the  general  blood- pressure^  brought 
about — (a)  by  an  increased  force,  fref|ue»icy,  &c.  of  the  heaxft 
*  /%i7.  Tram.,  184JI. 
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beat,  (^)  by  the  constriction  of  the  small  arteries  supplying  areas 
other  than  the  kidney  itself. 

2.  By  a  relaxation  of  the  renal  artery,  which*  as  we  have 
previously  pointed  out  (p.  225),  while  diminishing  the  pressure  in 
the  artery  itself,  increases  the  pressure  in  the  capillaries  and  small 
veins  which  the  artery  supplies.  It  need  hardly  be  added  thai 
this  local  relaxation  must  either  be  accompanied  by  constriction  in 
other  vascular  areas,  or  at  all  events  must  not  be  accompanied  by 
a  sufficiently  compensating  dilation  elsewhere. 

The  same  local  pressure  may  similarly  be  diminished' — 

t.  By  a  constriction  of  the  renal  artery,  which,  while  in- 
creasing the  pressure  on  the  cardiac  side  of  the  artery,  diminishes 
the  pressure  in  the  capillaries  and  veins  which  are  supplied  by  the 
artery.  This  again  must  either  be  accompanied  by  dilation  in 
other  vascular  areas,  or  at  least  not  accompanied  by  a  com- 
pensating constriction. 

2.  By  a  lowering  of  the  general  blood- pressure,  brought  about 
— (a)  by  diminished  force  &c.  of  the  heart's  beat,  (b)  by  a  general 
dilation  of  the  small  arteries  of  the  body  at  large,  or  by  a  dilation 
of  vascular  areas  other  than  the  kidneys. 

Bearing  these  facts  in  mind,  it  becomes  easy  to  explain  many 
of  the  instances  in  which  an  increase  or  diminution  of  urine  is 
produced  by  natural  or  artificial  means.  Thus  section  of  the 
spinal  chord  below  the  medulla  causes  a  great  diminution,  and 
indeed  in  most  cases  a  complete  or  almost  complete  arrest  of  the 
secretion  of  urine.  This  operation,  by  cutting  off  so  many 
vascular  areas  from  the  medullary  vaso- motor  centre  (and  possibly 
also  by  giving  rise  to  a  condition  of  shock  in  the  spinal  cord) 
leads  to  a  very  general  vascular  dilation,  in  consequence  of  which 
there  ensues  a  great  fall  of  the  general  blood- pressure.  Although 
the  renal  arteries  suffer  with  the  rest  in  this  dilation,  still  this  is 
insufficient  to  compensate  the  greatly  diminished  pressure ;  and 
^when  the  gjneral  blood-pressure  falls  sufficiently  low  (below 
30  mm.  mercury  in  the  dog)  the  secretion  of  urine  is  totally 
arrested. 

Stimulation  of  the  spinal  cord  below  the  medulla,  though 
acting  in  the  converse  direction,  brings  about  the  same  result, 
arrest  of  the  secretion.  By  the  stimulation  the  action  of  the 
vaso-motor  nerves  is  augmented,  and  constriction  of  the  renal 
arteries  as  well  as  of  otlier  arteries  in  tlie  body  is  brought 
about.     The  increase  of  general  blood-oressure  thus  produced  is 
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insufficient  to  compensate  for  the  increased  resistance  in  the  renal 

arteries ;    antl   as   a   consequence   the   flow   of    blood   into   the 

^glomeruli  is  largely  reduced.     Indeed  on  ins|3Cction  the  kidneys 

seen  during  the  stimulation  to  become  paL-  and  bloodless. 

Section  of  the  renal  nen'es  is   followed  by  a   most  copious 

[•ecretioui  by  what  has  been  called  hydruna  or  polyuria,  the  urine 

It  the  same  lime  (rcqucntly  becoming  albuminous.     The  section 

if   ihe   nerves,  by  interrupting   the   va^io-motor    tracts,  leads  Co 

Illation  of  the  renal  arteries^  and  this  to  incrcasi!d  pressure  in  Me 

Httiail  vessih  0/  the  glomeruli.     If  after  section  of  t»)c  lenal  nerves 

the  cord  be  divided  below  the  medulla,  the  polyuria  disappears ; 

for  the  diminution  of  general  blood- pressure  thus  produced  more 

lan  compensates  for  the  special   dilation  of  the   renal   arteries. 

'onverscly,  if  after  section  of  the  renal  nerves  the  cord  be  siimu- 

itcd,  the  rtow  of  urine  is  still  furtl^er  increased,  since  the  rise  of 

general    bloo^l-prcssurc   due  to  the  general  arterial  constriction 

caused  by  the  stimulation  tends  to  throw  still  more  blood  into  the 

renal  arteries,  on  which,  owing  to  the  division  of  their  nerves,  the 

spina!  stimulation  is  powerless. 

Section  of  the  splanchnic  nerves,  along  which  apparently  the 
io-motor  tracts  from  the  spinal  cord  to  thj  kidneys  run,  produces 
^also  an  increased  flow  of  unne.  But  the  augmentation  in  this  case 
is  smaller  and  less  certain  than  in  the  case  of  section  of  the 
renal  nerves  themselves,  since  the  splanchnic  nerves  govern  the 
wliole  splanchnic  are:i,  and  hence  a  large  portion  of  the  increased 
supply  of  blood  is  diverted  from  the  kidney  to  other  abdominal 
organs.  Conversely,  stimulation  of  the  splanchnic  nerves 
arrests  the  flow  of  urine  by  producing  constriction  of  the  renal 
arteries. 

We  shall  have  occasion  in  the  succeeding  chapter  to  call 
aitciiiion  to  the  fact  that  puncture  of  the  fourth  ventricle,  or 
mechanical  irritation  of  the  first  thoracic  ganglion,  gives  rise 
to  the  appearance  of  a  large  quantity  of  sugar  in  the  urine,  and 
at  the  same  time  causes  a  more  copious  floV  of  that  fluid  ;  the 
condition  of  body  thus  brought  about  is  known  as  artificial 
diabetes.  The  increasetl  flow  of  urine  in  this  case  cannot  lie 
accounted  for  by  supposmg  that  the  increased  quantity  of  sugar  in 
the  bhxKl  in  pairing  out  by  the  kiilney  leads  in  some  way  or  other 
to  an  increased  excretion  nf  water;  for  the  same  operation,  or  a 
similar  injury  to  certain  parts  of  the  cerebellum',  may  give  rise  to 
an  excessive  secretion  of  urine  without  any  sugar  being  present* 
It  is  probable,  but  not  as  yet  clearly  proved,  that  the  increase  of 
urine  is  due  to  the  dilation  of  the  renal  arteries  ;  and  tlm  view  U 
'  Eckhard,  Boiri^^,  v.  (1870)  153;  vr.  »,  51,  117,  175. 
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supported  by  the  fact  that  the  increase  is  tcmpoTarily  prevented 
(as  is  also  a  similar  diabetic  increase  of  flow  in  carbonic-oxide 
poisoning)  by  stimulation  of  the  splancJinic  nerves. 

Irritation  of  the  central  end  of  the  vagus  causes  an  increased  flow 
of  urine.  This  may  be  explained  by  supposing  that  the  afferent 
impulses  ascending  the  vagus  inhibit  the  vaso-motor  centre  which 
governs  the  renal  arteries,  and  so  produce  dilation  of  those  artcric^s. 
Possibly  at  the  same  lime,  as  in  the  case  of  the  rabbit's  ear  (p.  2io>, 
some  amount  of  general  constrictioa  is  brought  about. 

The  experimental  phenomena  recorded  above  ar^thus  seen  to 
receive  a  fairly  satisfactory  explanation  when  they  are  referred 
exclusively  to  variations  in  blood-pressure.  And  many  of  the 
natural  variations  in  the  flow  of  urine  may  be  interpreted  in  this 
way.  No  fact  in  the  animal  economy  is  oftencr  or  more  stnkingly 
brought  home  to  us  than  the  correlation  of  the  skin  and 
the  kidneys  as  far  as  their  secretions  are  concerned  ;  and  this 
seems  to  be  maintained  by  means  of  the  vaso-motor  nervous 
mechanism.  Thus  when  the  skin  is  cold,  its  blood- vessels  are,  as 
we  know,  constricted.  This  by  causing  an  increase  of  general 
blood  pressure,  accompanied  possibly  by  a  dilation  of  the  renal 
arteries,  will  augment  the  flow  through  the  kidneys.  Conversely, 
the  dilated  condition  of  the  arteries  of  a  warm  skin,  with  the 
consequent  diminution  of  general  blood-pressure,  accompanied 
possilily  with  a  corresponding  constriction  of  the  renal  arteries, 
will  give  rise  to  a  diminished  renal  discharge.  The  effects  of 
emotions  may  possibly  be  explained  in  a  similar  way  as  essentially 
vasomotor  phenomena. 

The  increase  of  urine  observable  after  taking  fluids  cannot  b* 
explained  by  reference  to  any  direct  increase  of  Ijjood-prcssure  due  to 
an  augmentation  of  theijuantify  of  bKxid,  for*  as  we  have  seen  (p.  230), 
an  increase  of  the  quantity  uf  blood  does  nol  raise  the  general  blood- 
pressure.  The  increased  filtration  may  be  due  simply  to  the  more 
diluted  condition  of  the  blood,  though  possibly  the  introduction  of  the 
fluid  into  the  alimentary  canal  may  cause  a  dilation  of  the  splanchnic 
or  renal  areas,  either  directly  or  indirectly,  in  a  reflex  manner  by  the 
help  of  the  vagi.  This  observation  refers  of  course  to  inert  fluids  sueh 
as  water  ;  the  introduetion  of  various  substances  in  an  ordinary  meal 
may  affect  the  flow  of  urine  in  other  ways  to  be  presently  stated. 

Secretum  by  the  Renal  Epithelium. 

While  thus  recognising  the  importance  of  the  relations  of  the 
flow  of  urine  to  blood-pressure,  we  must  not  be  led  into  the  error 
of  supposing  that  the  work  of  the  kidney  is  wholly  a  matter  of 
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filtration.  The  glomerular  mechanism,  so  specially  fitted  for  filtra- 
tion IS  after  all  a  small  poriioii  only  of  the  whole  kklney,  and 
the  epithelium  over  a  lar^c  pan  ol  the  course  of  the  (ubtUi  urinifcri 
bears  most  distinctly  the  cliaiacters  of  an  active  secreting  epithe- 
lium. These  facts  would  lead  us  a  priori  to  suppose  that  the 
flow  of  urine  is  in  part  the  result  of  an  active  secretion  campar* 
aole  to  tiiat  of  the  salivary  or  other  glands  which  we  have  already 
studied.  And  we  have  experimeDtal  evidences  that  such  is 
the  case» 

For  a  flow  of  urine  may  be  artificially  excited  even  when  the 
natural  How  has  been  arrested  by  diminution  of  blood -pressure. 
Thus  if,  when  the  urine  ha^s  ceased  to  flow  in  consequence  of  a 
section  of  the  medulla  oblongata,  cenain  substances,  such  as 
urea,  urates,  &c.,  be  injected  into  the  blood,  a  copious  secretion  is 
at  once  set  up.  This  secretion  is  tinaccorapanied  by  any  rise  of 
blood -pressure  sufficient  to  account  for  tlie  flow  un  any  filtration 
hypothesis*.  The  most  natural  way  of  explaining  the  phenomena 
is  to  sui)|>osc  that  the  presence  of  these  substances  in  the  blood 
excites  the  renal  ejiithelium  to  an  unwanted  activit)',  causing  them 
to  pour  into  the  interior  of  the  tubules  a  copious  secretion,  just  as 
the  presence  of  pilocarpin  in  the  blood  will  cause  the  salivary  cell* 
to  pour  forth  their  secretion  into  the  lumen  of  their  ducts.  This 
explanation  of  course  supposes  that  in  the  ordinary  state  of  the 
blood  the  epithelium  cells  are  quiescent,  or  at  least  do  not  secrete 
any  ajjpreciable  quantity  of  fluitl,  otherwise  the  mere  interference 
of  the  pressure  arrangements  due  to  the  section  of  the  medulla 
oblongata  would  not  arrest  the  flow.  And  indeed  this  abnormal 
activity  of  the  epithelium  is  m  itself  no  sulfidtnt  proof  that  any 
large  part  of  the  normal  flow  of  urine  is  due  to  a  normal  action  of 
the  epithelium.  There  remains  however  the  fact  lliat  in  the 
absence  of  the  usual  bluod  pressure,  a  considerable  quantity  of 
fluid  may,  under  the  influence  of  suitable  simiuli,  be  secreted 
into  the  interior  of  the  tubuli  urinifen  and  so  give  rise  to  even  a 
copious  flow  of  urine.  And  this  warns  us  to  be  cautious  in 
acceptmg  in  all  cas;s,  even  in  the  instances  quoted  previously,  a 
vaso-motor  explanation  of  increased  or  dunmished  activity  of 
the  kidney,  siin|)te  and  straight forwarvl  as  that  explanation  may 
seem.  It  may  be  that  in  some  cases  what  app-rars  lu  be  simply 
a  vaso-motor  action  is  after  all  a  direct  action  of  nerves  on 
secreting  cells  accompanied  by  adjuvant  but  not  indispensable 
vascular  changes. 

That  it  IS  the  epithelium,  and  not  any  other  portion  of  the 
renal  apparatus,  which  gives  rise  to  the  flow  of  urine,  when  urea 
'  Cf.  UstUDOWtttcb,  Ludwiu*  ArktUtn^  i8ia»  v-  ^^- 
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or  urates  are  injected  into  the  blood-vessels  of  animals  in  which 
the  normal  secretion  has  been  arrested  by  section  of  the  medulla, 
appears  probable  from  the  following  considerations. 

Hcideniiain  *  has  brought  forward  distinct  experiraenlal  evi- 
dence that,  with  regard  to  one  substance  at  least,  the  renal 
epithelium  does  exercise  a  distinct  secrtrting  activity,  independent 
of  and  diijtuict  frojn  the  relations  of  blood-pressure.  Into  the 
veins  of  aniuials  in  which  ihe  urinary  flow  had  been  arrested  by 
Section  of  the  spinal  cord  below  the  medulla,  Heidenhain  injected 
the  sodmm  sulphmdigotate,  or  so-called  indigo-carmine.  By 
killing  the  animals  at  appropriate  times  and  examining  tlie  kidneys 
microscopically  and  otherwise,  he  was  enabled  to  ascertain  that 
the  pigment  so  injected  passed  from  the  blood  into  the  renal 
cpuhtlium,  ant!  from  thence  into  the  channels  of  the  tubules, 
w litre  it  was  pr^cipiialed  in  a  solid  form.  There  being  no  stream 
of  lluul  through  the  tubules,  owin^  to  the  arrest  of  urinary  tlow  by 
means  of  the  preliminary  operauun,  the  pigment  travelled  very 
little  way  down  the  interior  of  tlie  lubules,  and  remained  very 
much  where  it  was  cast  out  by  the  epithcliuiTi  cells.  There  were 
no  traces  whatever  of  the  pigment  having  passed  by  the  glo- 
meruli ;  and  the  cells  which  could  be  seen  distinctly  to  lake  up 
and  eject  it,  were  those  lining  such  portions  of  the  tubules  {7'i>. 
ihe  so-called  secreting  tubules,  intercalated  tubules  and  portions 
of  the  loops  of  Henle)  as  from  their  microscopic  features  have 
been  supjjosed  to  be  the  actively  secreting  portions  of  the  entire 
tubules.  By  varying  the  quantity  mjecied  and  the  time  which 
was  allowed  to  elapse  between  tlie  injection  and  subsequent  in- 
speciion,  Heidenhain  was  able  to  trace  Uie  material  step  by  step 
into  the  cells,  out  of  the  cells  into  the  inltrior  of  the  tubules, 
and  lor  some  httle  distance  along  the  tubules.  The  advantage  of 
tlie  absence  of  a  brge  flow  of  urine  is  obvious  ;  had  this  been 
present,  the  pigment  would  have  been  rapidly  carried  oft'  imme- 
diately tliat  it  issued  from  the  cells  into  the  interior  of  the  tubules. 
One  observation  he  made  of  a  peculiarly  interesting  character. 
After  injecting  a  certam  quantity  of  pigment,  and  allowing  such 
a  time  to  ebpse  as  he  knew  trom  previoub  experiments  would 
suffice  for  the  passage  of  the  material  through  ihc  epidielium  to 
be  pretty  well  completed,  he  injected  a  second  quantity.  He 
fuuml  l«iat  the  excretion  of  this  second  quantity  was  most  incom- 
plete ami  imperfect.  It  seemed  as  if  the  cells  were  ex/taustid  by 
their  prevwua  ej/orls^  just  as  a  muscle  which  has  been  severely 
tetanized  will  not  respond  to  a  renewed  stimuiatiou. 

As  far  as  indigo-carmme  is  concerned,  then,  we  are  justifieci 
»  Pfliiger*s  ArcMiv,  IX.  (1874)  i. 
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in  speaking  of  an  active  though  not  a  formative  secretion,  an  ex- 
rrction  rather  than  a  secretion,  by  means  of  the  renal  epiihehura, 
the  cells  taking  up  the  pigment  out  of  the  blood  and  passing  it 
on  into  the  channel  of  the  tuhules. 

This  activity  of  the  e]Mthciium  cells  cannot  be  shewn  in  the 
same  way  with  natural  constituents  of  urme,  with  urea  or  urates, 
for  instance,  as  with  indigo-carmine,  for  the  very  reason  that  these 
substances  give  rise,  as  we  have  seen,  to  such  a  copious  flow  of 
urine  that  the  contents  of  the  tubules  are  swept  away,  and  the 
evidences  of  local  activity  arc  thus  lost  But  we  have  evidence 
of  another  kind  that  the  urea  which  appears  in  urine  passes  from 
the  blood  mto  ihe  renal  ducts  through  the  epithelium  of  the 
lubuli  uriniferi  and  not  through  the  glomeruli  ;  and  if  so  it  can 
hardly  be  doubted  that  the  How  of  urine  which  follows  the  in- 
jection of  urea  into  the  blood-vesstls  after  section  of  the  medulla, 
is  caused  by  the  efforts  of  the  epithelium  to  carry  off  from  the 
blood  the  excess  of  urea,  though  why  the  passage  of  urea  should 
thus  necessitate  the  concomitant  secretion  of  fluid  while  the 
indigo-carmine  is  carried  through  without  any  such  acconipanying 
fluid  is  at  present  a  matter  of  obscurity.  The  evidence  that  urea 
passes  by  the  epithelium  of  the  tubules  and  not  by  the  glomeruli 
15  of  the  following  kind. 

In  the  amphibia,  the  kidney  has  a  double  vascular  supply  ;  it 
receives  arterial  blood  from  the  renal  artery,  but  there  is  also 
poured  into  it  venous  blood  from  another  source.  The  femoral 
vein  divides  at  the  top  of  the  thigh  into  two  branches,  one  of 
which  runs  along  the  front  of  the  abdomen  to  meet  its  fellow  in 
the  middle  line  and  form  the  anterior  abdominal  vein,  while  the 
other  passes  to  the  outer  border  of  the  kidney  and  branches  in 
the  substance  of  that  organ,  forming  the  so-called  renal  portal 
system.  Now  the  glomeruli  are  supplied  exclusively  by  the 
branches  of  the  renal  artery,  the  renal  vena  portiC  only  serving  to 
form  the  capillary  plexut*  around  the  tubuli  uriniferi,  where  its 
branches  arc  joined  by  the  efferent  vessels  of  the  glomeruli. 
From  this  it  is  obvious  that  if  the  renal  artery  be  tied,  the 
blood  is  shut  off"  enrirely  from  the  glomeruh,  and  the  kidney  by 
this  simple  operation  is  transformed  into  an  ordinary  secreting 
gland  devoid  of  any  special  filtering  mechanism  ;  and  actual 
observation  of  the  kidney  of  the  newt  has  shewn  that  under  these 
circumstances  there  is  no  reflux  from  the  capillary  network  sur- 
rounding the  tubuli  back  to  the  glomeruli.  Nussbaum '  has 
ingeniously  made  use  of  such  a  kidney  to  ascertain  what  sub- 
itances  are  excreted  by  the  glomeruli,  and  what  by  the  tubuli 
•  Pfliigei'f  AnHp»  xvi.  (1877)  p.  tJ9;  xvii.  (t«i&\  ^^  tjio. 
F.  P.  ai 


4i8 


ACTIVITY  OF  THE  BFITIIEUUM.         [BOOK    11, 


in  some  other  part  of  their  course.  He  finds  that  sugar,  peptor.es^ 
and  albumin,  which  injected  into  the  blood  readily  pass  through 
the  untouched  kidney  and  appear  in  the  urine,  do  not  pass 
through  a  kidney  the  renal  artenes  of  which  have  been  tied. 
These  substances  therefore  are  excreted  bv  the  glomeruli  Urea 
on  the  other  hand,  injected  into  the  blood,  gives  rise  to  a  secretion 
of  urine,  when  the  renal  arteries  are  tied  ;  this  substance  there- 
lore  is  secreted  by  the  epithelium  of  the  tubules,  and  in  being  so 
Btcreied  gives  rise  at  the  same  time  to  a  flow  of  water  through 
the  cells  into  the  interior  of  the  tubull  When  indigo-canninc  is 
injected  after  ligature  of  renal  arteries,  no  urine  is  found  in  the 
bladder,  but  the  pigment  can  be  traced,  as  in  Heidenhain's 
experiment,  through  the  epithelium  of  the  secreting  portions  of 
the  lubuli, 

Nussbaum'  also  made  an  interesting  experiment  on  the  artificial 
production  of  albuminuna  in  the  frog.  The  renal  arteries  being  tied, 
an  injection  of  urea  (i  cm.  of  a  lo  p  c.  solution)  into  the  blood  gave 
rise  to  a  flow  of  urine  which  was  free  from  albumin.  Upon  loosing  ihe 
ligatures  so  as  to  reestablish  the  flow  of  blood  through  the  glomeruli, 
the  urine  at  once  became  albuminous.  Tlie  arrest  of  the  circulation 
through  the  glomeruli  ha<J  damaged  the  capiUary  walls,  and  so  allowed 
the  passage  through  them  into  the  interior  of  the  Malpighian  capsules 
of  the  natural  protetds  of  the  blood,  which  m  a  normal  condition  of  the 
capillaries  cannot  effect  such  a  passage-  The  injury  however  was 
temporary  only ;  in  a  short  lime  the  capiUary  walls  were  restored  to 
health  and  the  urine  ceased  to  be  albuminous^ 

ExperiracntaJ  cviicnce  then  justifies  the  conception  which  the 
structure  of  the  kulney  led  us  to  adopt.  The  secretion  of  urine 
by  lilt:  kidney  is  a  double  process.  It  is  partly  a  process  of 
filtration,  whose  object  is  to  remove  as  rapidly  as  possible  a 
quantity  of  water  from  the  body,  and  this  part  of  the  work  of  the 
kidney  is  directly  dependent  on  blood-pressure.  It  is  also  how- 
ever a  process  of  active  secretion  by  the  epithelium  of  the  tubuli, 
and  tliis  part  of  the  vvork  of  the  kidney  is,  in  an  indirect  manner 
only,  dependent  on  blood-pressure.  Both  processes  may  give 
rise  to  a  discharge  of  water  from  the  blood,  and  both  may  give 
rise  to  the  presence  of  the  solid  constituents  of  the  urine,  in 
solution  in  thai  water.  In  the  first  process  the  discharge  of 
water  is  the  primary  object,  and  the  solid  matters  which  escape 
at  the  same  time  are  of  secondary  importance ;  in  the  second 
process  the  excretion  of  the  solid  suljstance  is  the  primary  object, 
and  the  accompanying  water  of  secondary  importance,  and  indeed 
sometimes  absenL      The   first  process   is  governed    (mainly  at 
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least)  by  the  vaiso-motor  nervous  system  ;  the  second  process  is 
excited,  as  far  as  we  know  at  present,  by  substances  in  the  blood 
acting  directly  as  chemical  stimuli  to  the  epithelium  ;  but  future 
researches  may  disclose  the  existence  of  a  secretory  nervous 
mechanism  analogous  to  that  of  other  secretory  glands. 

Future  tnvesttgattons  must  determine  what  constituents  of  the  urine 
besides  urea,  urates,  &c.  are  thrown  into  the  urine  by  the  active 
iC^retory  proce?»s,  and  what  simply  pass  by  filtration  through  the 
glomeruli.  The  whole  subject  of  diurcticfi  requires  to  be  studied 
afresh  by  the  help  of  Nussbaum's  method. 

One  consideration,  of  quite  secondary  importance  in  tlie 
glands  which  have  been  previously  studied,  acquires  great  pro- 
minence when  the  kidney  is  being  studied.  In  studying  the 
pancreas  and  gastric  glands,  we  concluded  wiiliout  much  discus- 
sion that  the  zymogen  and  pepsinogen  were  formed  in  the 
epithelium  cells  ;  for  no  great  manufacture  of  these  substances  is 
going  on  in  other  parts  of  the  body.  The  kidney  however  is 
emphatically  an  excreting  organ :  its  great  function  is  to  get  rid 
of  substances  produced  by  the  activity  of  other  tissues  ;  its  work 
is  not  to  form  but  to  eject  There  can  be  no  doubt,  to  put 
forward  a  strong  instance,  that  with  regani  to  urea  it  would  be 
absurd  to  suppose  that  the  whole  series  of  changes  from  the  pro- 
teid  condition  to  the  urea  stage  is  carried  on  by  the  kidney.  But 
there  still  remains  the  question,  Are  any  of  the  stages  carried  on 
m  the  kidney,  and  if  so,  what?  Is  the  secreting  activity  of  the 
renal  epithelium  confined,  as  was  suggested  in  nur  early  remarks 
on  secretion,  p.  266,  to  picking  out  the  already  foimed  urea  from 
the  blood?  Or  does  ihe  secreting  cell  of  the  tubule  receive  from 
the  blood  some  antecedent  of  urea,  and  in  the  laboratory  of  its 
protoplasm  convert  that  antecedent  of  urea  into  urea  itself?  and 
if  50,  what  is  that  antecedent  which  comes  to  the  kidney  in  the 
blood  of  the  renal  artery  ?  And  so  with  many  other  of  the 
urinary  constituents. 

In  order  to  complete  our  study  of  rectal  activity,  this  question 
ought  to  be  considered  now  ;  but  for  many  reasons  it  will  be  more 
convenient  to  defer  the  matter  to  the  succeeding  chapter*  in 
rMch  we  deal  with  the  metabolic  events  of  the  body  in  general 

Sec.  3.    Micturition. 

The  urine,  like  the  bile,  is  secreted  continuously;  the  flow 

may  rise  and  fall,  but,  in  health,  never  absolutely  ceases  for  any 

length   of  lime.     The  cessation  of  renal  activity,   the  so-called 

>preiis[nii  of  urine,  entails  s]>eedy  death.     The  minute  stmajcosk 
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passing  conlinuously,  now  more  napitlly  now  more  slowly,  along 
the  colleciing  and  tlischarging  tubules,  are  gathered  into  the  renal 
pelvis,  whence  the  Quid  is  airricd  along  the  ureters  by  the  peri- 
staltic contractions  of  die  muscular  walls  of  those  channels  (see 
p,  119)  into  the  urinary  bladder.  When  a  ureter  is  divided  in  an 
animal,  and  a  cannula  inserted,  the  unne  may  be  observed  to  flow 
from  the  cannula  drop  by  drop,  slowly  or  rapidly  according  to  the 
rate  of  secretion.  In  the  urinary  bladder,  the  urine  is  collected, 
its  return  into  the  ureters  being  prevented  by  the  obhque  valvular 
nature  of  the  orifices  of  those  tubes,  and  its  tlischarge  from 
thence  in  considerable  quantities  is  effected  from  time  to  time  by 
a  somewhat  complex  muscular  mechanism,  of  tlie  nature  and 
worknig  of  which  the  folio wmg  is  a  brief  account.  The  in- 
voluntary muscular  fibres  forming  the  greater  part  of  the  vesical 
walls  artf  arranged  partly  in  a  more  or  less  longitudinal  direction 
forming  the  so-called  detrusor  urimz,  and  partly  in  a  circular 
manner,  the  circular  fibres  being  most  developed  round  the  neck 
of  the  bladder  and  forming  tliere  the  so-called  sphincter  vesit^.. 
After  it  has  been  emptied  the  bladder  is  contracted  and  thrown 
into  folds ;  as  the  unne  gradually  collects,  the  bladder  becomes 
more  and  more  distended.  The  esciipe  of  the  fluid  is  howei'cr 
prevented  by  the  resistance  offered  by  the  elastic  fibres  of  the 
urethra  which  keep  the  urethral  channel  closed.  Some  maintain 
that  a  tonic  contraction  of  the  sphincter  vesicae  aids  in  or  indeed 
is  the  chief  cause  of  this  retention.  When  the  bladder  has 
become  full,  we  feel  tlie  need  of  making  water,  the  sensation 
being  heightened  if  not  caused  by  the  trickling  of  a  few  drops 
of  urine  from  the  full  blailder  into  the  urethra.  We  are 
then  conscious  of  an  efiortj  during  this  elfort  the  bladder  is 
thrown  into  a  long  continued  contraction  of  an  obscurely  peri- 
staltic nature,  the  force  of  w^hich  is  more  than  sufficient  to 
overcome  the  elastic  resistance  of  the  urethra,  and  the  urine 
issues  in  a  stream,  the  sphincter  vesica;,  if  it  act  as  a  sphincter, 
being  at  the  same  time  relaxed  after  the  fashion  of  the  sphincter 
ani.  In  its  passage  along  the  urethra,  the  exit  of  the  urine  is 
forwarded  by  irregularly  rhythmic  contractions  of  the  bulbo- 
cavemosus  or  ejaculator  urinae  muscle,  and  the  whole  act  is 
further  assisted  by  pressure  on  the  bladder  exerted  by  means  of 
the  abdominal  muscles,  very  much  the  same  as  m  detsecation. 

The  continuit}'  of  the  sphincter  vesica?  with  the  rest  of  the  circular 
fibres  of  the  bladder  sui;gcsts  that  it  probably  is  not  a  sphincter,  but 
that  its  use  lies  in  its  contracting  after  the  rest  of  the  vesical  fibres., 
and  thus  hnishing  the  evacuation  ot  the  bladder.  On  the  other  hand, 
the  fact  that  the  neck  of  the  bladder  can  withstand  a  pressure  of  20 
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inches  of  water  so  long  as  die  bbddcr  is  governed  by  an  intact  spiiial 
cord,  but  a  pressure  of  6  inches  only  when  tlic  lumbar  spinal  cord  is 
destroyed  or  the  vesical  nerves  are  severed,  affords  very  strong 
evidence  in  favour  of  the  view  that  the  obstruction  at  the  neck  of  the 
bladder  to  the  exit  of  urine  depends  on  some  tonic  muscular  con- 
tra aion  maintained  by  a  reflex  or  automatic  action  of  the  lumbar 
spinal  cord>. 

Micturition  therefore  seems  at  first  sight,  and  especially  when 
we  a|)peai  to  our  own  coDsciousness,  a  purely  voluntary  act.  A 
voluntary  eflfort  throws  the  bladder  into  contractions,  an  accom- 
panying voluntary  effort  throws  the  ejaculator  and  abdominal 
muscles  also  into  contractions,  and  the  resistance  of  the  urethra 
being  thereby  overcome  the  exit  of  the  urine  naturally  follows. 
If  we  adopt  the  view  of  a  sphincter  vesicae,  we  have  to  add  to 
the  above  simple  statement  the  supposition  that  the  will,  while 
causing  the  detrusor  urinx  to  contract,  at  the  same  time  lessens 
the  lone  of  the  sphincter,  probably  by  inhibitmg  its  centre  in  the 
lumbar  curd. 

There  are  two  facts  however  which  prevent  the  acceptance  of 
so  simple  a  view.  In  the  first  place  Goltz*  has  shewn  that  quite 
normal  micturition  may  take  place  in  a  dog  in  which  the  lumbar 
region  of  the  spinal  cord  has  been  completely  separated  by  section 
from  the  dorsal  region.  In  such  a  case  there  can  be  no  exercise 
of  volition,  and  the  whole  process  appears  as  a  reflex  action. 
When  the  bladder  is  full  (and  otherwise  apparently  under  the 
circumstances  the  act  fails)  any  slight  stimulus,  such  as  sponging 
the  anus  or  slight  pressure  on  the  abdominal  walls,  causes  a  com- 
plete  act  of  micturition  ;  the  bladder  is  entirt-ly  emptied,  and  the 
stream  of  urine  towards  the  end  of  the  act  undergoes  rhythm icid 
augmentations  due  to  contractions  of  the  ejaculator  urinat.  These 
facts  can  only  be  interpreted  on  the  view  that  there  ejcists  in  the 
lumbar  cortl  (nf  the  dog)  a  micturition  centre  capable  of  being 
thrown  into  action  by  appropriate  aflferent  un pulses,  the  action  of 
the  centre  being  such  as  to  cause  a  contraction  of  the  walb  of 
the  bladder  and  of  the  ejaculator  unme,  and  possibly  at  the  same 
time  to  suspend  the  tone  of  the  sphmcter  vesicae.  Similar  in- 
stances of  reflex  micturition  have  been  observed  in  cases  of 
paralysis  from  disease  or  injury  of  the  spinal  cord ;  and  involun- 
tary micturition  is  common  in  children,  as  the  result  of  irritation 
of  the  pelvis  and  genital  organs,  or  of  emotions.  In  the  adult 
too,  emotions,  or  at  least  sensory  impressions,  may  in  a  reflex 
manner  be  the  cause  of  micturition.  In  suth  cases  we  may  fairly 
Mippoie  that  the  centre  in  the  lumbar  cord  is  atlected  by  afferent 

»  Cf.  Ott,  youm,  Phyi,  \u  (1S79)  p.  59. 
•  Pfltiger's  ArckiVt  Vlll,  ^1^74^  -vl^ 
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impulses  descending  from  the  brain.  And  this  leads  us  to  the 
conception  that  when  we  make  water  by  a  conscious  effort  of  the 
will,  what  occurs  is  not  a  direct  action  of  the  will  on  the  muscular 
waits  of  the  bladder,  but  that  impulses  started  by  the  will  descend 
from  the  brain  after  the  fashion  of  afferent  impulses  and  thus  in 
a  reflex  manner  throw  into  action  the  micturition  centre  in  the 
lumbar  spinal  cord.  Nor  is  this  view  negatived  by  the  fact  that 
paralysis  of  the  bladder,  or  rather  inability  to  make  water  either 
voluntarily  or  in  a  reflex  manner,  is  a  common  symptom  of  spinal 
disease  or  injury.  Putting  aside  the  cases  in  which  the  reflex  act 
is  not  called  forth  because  the  appropriate  stimulus  has  not  been 
applied,  the  failure  in  micturition  under  these  circumstances  may 
be  explained  by  supposing  that  the  shock  of  the  spinal  injur}'  or 
some  extension  of  the  disease  has  rendered  the  lumbar  centre 
unable  to  act 

In  the  second  place,  in  cases  of  urethral  obstruction,  where 
the  bladder  cannot  be  emptied  when  it  reaches  its  accustomed 
fuhiess,  the  increasing  distension  sets  up  fruitless  but  powerful 
contractions  of  the  vesical  walls,  contractions  which  are  clearly 
involuntary  in  nature,  which  wane  or  disappear,  and  return  agaiti 
and  again  in  a  completely  rhythmic  manner,  and  which  may  be 
so  strong  and  powerful  as  to  cause  great  suffering.  It  seems  that 
fibres  of  the  bladder,  like  all  other  muscular  fibres,  have  their 
contractions  augmented  in  proportion  as  they  are  subjected  to 
tension  (see  p.  90).  Just  as  a  previously  quiescent  ventricle  of 
a  frog's  heart  may  be  excited  to  a  rhythmic  beat  by  distending 
its  cavity  with  blood,  so  the  cjuiescenl  bladder  is  excited,  by  the 
distention  of  its  cavity,  to  a  peristaltic  action  which  in  normal 
cases  is  never  carried  beyond  a  first  effort,  since  with  that  the 
bladder  is  emptied  and  the  stimulus  is  removed,  but  in  cases  of 
obstruction  is  enabled  clearly  to  manifest  its  rhythmic  nature. 

The  so-called  incontinence  of  urine  in  children  is  m  reality 
an  easily  excited  and  frequently  repeated  redex  micturition. 
In  cases  of  spinal  disease  another  form  of  incontinence  is  com- 
mon. The  bladder  becoming  full,  but,  owing  to  a  failure  in  the 
mechanism  of  voluntary  or  reflex  micturition,  being  unable  to 
empty  itself  by  a  complete  contraction,  a  continual  dribbling  of 
urine  takes  place  through  the  urethra,  the  fulness  of  the  bladder 
being  sufficient  to  overcome  the  elastic  resistance,  or  the  tone  of 
the  sphincter  suffering  from  the  spinal  affection  and  becoming 
permanently  inhibited 

The  latter  view  seems  Improbable,  and  there  is  no  satisfactory 
evidence  tliat  intrinsic  contractions  of  the  bladder  do  not  occur  to 
these  cases. 


According  to  Sokowin',  contractions  of  the  bladder  may  be  brouglit 
about  in  cats  in  a  reflex  manner  by  two  mechanisms :  by  one  in  which  liic 
centre  lies  in  the  spinal  cord  at  about  the  region  of  the  fourth  lumbar 
vertebra  and  the  sacral  nerves  supply  both  the  afferent  and  efferent 
travits,  and  another  in  which  the  inferior  mesenteric  ganglion  serves  as 
a  centre,  the  afferent  and  eflfercnt  fibres  passing  along  the  branches 
conncctinj;  thai  ganglion  with  the  hypogastric  plexus.  He  finds  in 
fatct  that  iSe  inferior  mesenteric  ganghon  will  act  as  a  centre  for  reflex 
action.  When  the  history  of  the  submaxillary  ganglion  (p-  267)  is 
borne  in  mind,  such  a  conclusion  will  tiaturally  be  received  with  great 
caution. 

•  H«jfiiiwin  tt.  Schwalbc,  yaknskfitXte,  Tl.  (1877)  Ablh.  in.  p.  87. 
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We  hare  foOoved  the  food  through  its  diai^cs  m  tbe  atimentaiy 
canal,  and  seen  it  enter  iDto  die  bloodp  eidber  directlj  or  by  the 
intenDediale  rhannel  of  the  chjk,  in  the  fonn  of  peptone  (or 
OChenrise  modified  alhrnniny,  siigar  (lactic  acid),  and  fats,  accom- 
panied by  varioui  salt&  We  liave  fotber  seen  that  the  wasle 
products  which  leave  tbe  body  aie  iirea»  caibonic  acid  and  salts. 
Wc  have  now  to  attempt  to  oomiect  together  the  food  and  the 
waste  products;  to  trace  oat  as  Car  as  we  are  able  the  Tarioas 
steps  by  which  the  one  is  transformed  into  the  other,  and  to 
inquire  into  the  manner  in  which  the  energy  set  free  in  this 
transformation  is  distributed  and  made  nse  oL 

The  ma&ter  tissues  of  the  body  are  the  muscular  and  nervous 
tissues ;  all  the  other  tissues  may  be  regarded  as  the  servants  of 
these.  And  we  may  fairly  presume  that  besides  the  digestive 
and  excretory  tissues  which  we  have  already  studictl,  many  parte 
of  the  body  are  engaged  either  in  further  elaborating  the  com- 
paratively raw  food  which  enters  the  blood,  in  order  lliat  it  may 
be  aswmilaicd  with  the  least  possible  labour  by  the  master 
tiMues,  or  in  so  modifying  the  waste  products  which  arise  from 
the  activity  of  the  master  tissues  that  they  may  be  removed 
from  the  body  as  speedily  as  possible.  I'here  can  be  no  doubt 
that  manifold  intermediate  changes  of  this  kind  do  take  pboc 
in  the  boily ;  but  our  knowledge  of  the  matter  is  at  present  very 
imperfect  In  one  or  two  instances  only  can  we  localize  these 
mcUbolic  actions  and  speak  of  distinct  metabolic  tissues.  In  the 
majority  of  cases  we  can  only  trace  out  or  infer  chemical  changes 
without  being  al)le  lo  say  more  than  that  they  do  take  place  some- 
vkherc;  and  in  consequence,  perhaps  somewhat  loosely,  speak  of 
Uiem  as  talking  place  in  die  blood. 
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Sec.  I.     Metabolic  Tissues. 
75^  History  of  Glycogen, 

The  besi-known  and  most  carefully  studied  example  of 
metabolic  activity  is  the  formation  of  glycogen  in  the  hepatic 
cells. 

Claude  Bertjard',  in  studying  the  history  of  sugar  in  the 
economy,  was  led  to  compare  the  relative  (|uantiiies  of  sugar  in 
the  portal  and  hepatic  veins,  expecting  to  find  that  the  sugar 
possibly  diminished  in  the  passage  of  the  blood  through  the  liver  j 
he  was  astonished  to  discover  that,  on  the  contrary,  the  quantity 
was  vastly  increased.  He  found,  and  any  one  tan  make  the 
observation,  that  when  an  animal  living  under  ordinary  conditions 
is  killed,  the  hepatic  blood  after  death  contains  a  considerable 
amount  of  sugar  (grape-sugar),  even  when  there  is  little  or  none  in 
the  portal  bluod  ;  moreover  a  simple  aqueous  infusion  of  the  liver 
is  rich  in  sugar.  Not  only  so,  but  the  sugar  continues  to  be  pre- 
sent in  the  liver  when  ail  blood  has  been  washed  out  of  the  organ 
by  a  stream  of  water  driven  through  the  portal  vein,  and  goes  on 
increasing  in  amount  for  some  hours  after  death.  Only  one  inter- 
pretation of  these  facts  is  possible  ;  so  tar  from  the  liver  destroying 
or  converting  the  sugar  brought  to  it  by  the  portal  vein,  it  is 
clearly  a  source  of  sugar;  the  hepatic  tissue  evidently  contains 
some  substance  capable  of  giving  rise  to  the  presence  of  sugar. 
Bernard  further  found  that  when  the  liver  was  removed  from  the 
body  immediately  after  death,  and,  after  being  divided  into  small 
pieces,  was  Uirown  into  boiling  water,  the  infusion  or  decoction 
conti^ined  very  httle  sugar,  and  that  the  small  quantity  which  was 
present  did  not  increase  even  when  the  decoction  was  allowed  to 
stand  for  some  time.  The  decoction,  however,  was  peculiarly 
opalescent,  indeed  milky  in  appearance;  whereas  the  decoction 
of  a  liver  which  had  been  allowed  to  remain  exposed  to  warmth 
for  some  time  after  death,  before  bemg  boiled,  and  which  accord- 
ingly contained  a  large  amount  of  sugar,  was  quite  clear.  On 
adding  saliva,  or  other  amylolytic  ferment,  to  the  opalescent, 
sugarless,  or  nearly  sugarless,  decoction  and  exposing  it  to  a  gentle 
^"'armth  (35*' — 40*'),  the  0|>alesccnce  disappeared  ;  the  fluid  became 
clear,  And  was  then  found  to  contain  a  considerable  quantity  of 
sugar.  Here  again  the  explanation  was  obvious.  The  opalescence 
of  the  decoction  of  boiled  liver  is  due  to  the  presence  of  a  body 
which  is  capable  of  l>cing  con  vert ctl  by  the  action  of  a  ferment 
into  grape-sugar,  an<l  is  therefore  of  the  nature  of  starch.     At  tlie 

'  Nffw,  F^mt^  dm  Fat^,  1853, 
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moment  of  death  the  liver  must  contain  a  considerable  quantity 
of  this  substance,  which  after  death  becomes  gradually  converted 
into  sugar,  either  through  the  action  of  sonie  aniylolytic  ferment 
present  in  the  hepatic  cells  or  in  the  blood  of  the  hepatic  vessels 
or  possibly  by  some  s[.iccial  agency.  Hence  the  post-marUm 
appearance  ol  a  continually  increasing  quantity  of  sugar.  By  pre* 
cipitating  the  op:ilcscent  decoction  with  alcohol,  by  boiling  the 
precipitate  with  alcohol  coniaining  potash,  whereby  the  proteid 
impurities  clinging  to  it  were  destroyed,  and  by  removing  adherent 
fats  by  ether,  13ernard  was  able  to  obtain  this  sugar-producing  or 
glycogenic  substance  in  a  pure  state  as  a  white  amorphous  powder, 
with  a  compos'iion  of  C.^Hj^O^,  and  therefore  evidently  a  kind 
of  starch.  Its  most  striking  differences  Irom  oniinar)'  starch  were 
mat  it  gave  a  deep  red  and  not  a  blue  colour  wiih  iodire,  and  that 
when  dissolved  in  water  it  formed  a  milky  fluid.  He  gave  to  it 
the  name  oi  glycogen. 

Since  Bernard's  discovery  glycogen  has  been  recognised  as  a 
normal  constituent,  variable  in  quantity,  of  hepatic  tissue  both  in 
vertebrate  and  invertebrate  animals.  That  it  is  present  in  the 
hepatic  cells,  and  not  simply  contained  in  the  hepaiic  bloody  is 
shewn  by  the  fact  that  it  remains  in  the  liver  after  all  blood  has 
been  washed  out  of  that  organ.  It  has  also  been  found  in  the 
placenta,  in  muscle,  white  corpuscles,  testes,  brain,  and  in  other 
situations  ;  the  tissues  of  the  embryo  at  an  early  stage,  especially 
before  the  liver  has  become  funcdonally  active,  are  particularly 
rich  in  it. 


Formation  and  Uses  of  Glycogen.  The  amount  of 
glycogen  present  m  the  liver  of  an  animal  at  any  one  time  is 
largely  dependent  on  the  amount  and  nature  of  the  food  previously 
taken  \  When  all  food  is  withheld  from  an  animal,  the  glycogen 
in  the  liver  diminishes,  rapidly  at  first,  but  more  slowly  after- 
wards.  Even  after  some  days'  starvation  a  small  quantity  is  fre^ 
quendy  still  found  ;  but  in  rabbits,  at  all  events,  the  whole  may 
eventually  disappear. 

If  an  animal,  after  having  been  starved  until  its  liver  may  be 
assumed  to  be  free  or  almost  free  from  glycogen,  be  fed  on  a  diet 
rich  in  carbohydrates  or  on  one  consisting  exclusively  of  carljo- 
hydrates,  the  liver  will  in  a  short  time  (one  or  two  days)  be  found 
to  contain  a  very  large  quantity  of  glycogen*  Obviously  the  prc- 
ience  of  carbohydrates   in    food   leads   to   an   accumulation    of 


•  MacDonnel,   XaL  Hist.  Rtv,   1863,    p. 
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glycogen  in  the  liver;  and  ibis  is  true  both  of  starch  and  of 
dextrin  and  of  the  various  forms  of  sugar,  cane,  grape  and  milk 
sugar.  The  effect  may  be  quite  a  rapid  one,  for  glycogen  has 
been  found  in  the  liver  in  considerable  quantity  within  a  few  hours 
after  the  introduction  of  svigar  into  the  alimentary  canal  of  a 
starving  animal'. 

If  an  animal,  similarly  starved,  be  fed  on  an  exclusively  meat 
diet  a  certain  amount  of  glycogen  is  found  in  the  liver.  This 
appears  to  be  especially  the  case  with  dogs  (probably  with  other 
carnivorous  animals  also) ;  and  in  his  earlier  researches  Bernard 
was  led  to  regard  the  constant  presence  of  glycogen  in  the  livers 
of  dogs  fed  nn  meat,  as  an  important  indication  of  the  conversion 
within  the  body  of  nitrogenous  into  non-nitrogenous  material. 
But  in  the  first  place,  the  quantity  of  glycogen  thus  stored  up  in 
the  liver  as  the  result  of  a  meat  diet,  is  much  less  than  that  which 
follows  upon  a  carbohydrate  diet ;  and  in  the  second  place,  ordi- 
nary meat,  especially  horse-ficsh  on  which  dogs  are  ordinarily 
fe<l,  contains  in  itself  a  certain  amount  either  of  glycogen  or  some 
form  of  sugar.  Moreover  when  animals  are  fed  not  on  meat  but 
on  purific<l  proteid,  such  as  fibrin,  casein  or  albumin,  the  quantity 
of  glycogen  in  the  liver  becomes  still  smaller,  though  according  to 
most  observers  remaining  greater  than  during  starvation.  Wc 
may  infer  therefore  that  part  of  the  glycogen  which  appears  in  the 
liver  after  a  meat  diet  is  really  due  to  carbohydrate  materials  pre- 
sent in  the  meat  Part  however  would  appear  to  be  the  result  of 
the  simple  proteid  food  ;  but  in  this  respect  proteid  falls  very 
far  short  indeed  of  carbohydrate  material. 

With  regard  to  fats,  all  observers  are  agreed  that  these  lead 
to  no  accumulation  of  glycogen  in  the  liver ;  an  animal  fed  on 
an  exclusively  fatty  diet  has  no  more  glycogen  in,  its  liver  than  a 
starving  animaL 

Hence  of  the  three  great  classes  of  food-stuflTs,  the  carbo- 
hydrates  stand  out  prominently  as  the  substances  which  taken  as 
food  lead  to  an  accumulation  of  glycogen  in  the  liver.  Confining 
our  aitjuljon  for  the  present  to  this  chief  source  of  glycogen,  the 
question  naturally  presents  itself,  What  is  the  rxact  mode  Jn  which 
the  carbohydrates  of  food  thus  give  rise  to  an  excess  of  glycogen  in 
the  hepatic  cells?  Is  it  that  they  reaching  the  liver  as  sugar  in 
the  portal  blood  (we  may  accept  for  the  present  pur|K>se  at  all 
events  the  view  that  the  carbohydrates  are  converted  into  sugar 
and  absorbed  by  the  portal  vein)  are  in  some  direct  manner 
reconverted  into  the  starch-Uke  glycogen  and  deposited  in  the 
bepatic  cells  ? 
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Or,  has  the  hepatic  glycogen  quite  a  diflfefent  origin,  being 
formed  in  the  hepatic  cells  out  of  the  breaking  up  of  their 
protoplasm,  and  being  carried  thence  and  consumed  in  some 
way  or  oilier  as  the  needs  of  the  economy  for  carbohydrate 
material  demand,  so  that  the  excess  which  appears  in  the  liver 
after  an  amylaceous  diet  is  due  to  the  fact  that  the  carbohydrates 
taken  ii  food  cover  the  necessary  expenditure  and  prevent  any 
demand  being  made  on  the  hepauc  store  ? 

liefore  we  attempt  however  to  answer  these  questions  we  must 
turn  aside  to  consider  another  question^  What  becomes  of  the 
hepatic  glycogen  during  life?  Is  it  reconverted  little  by  little 
into  sugar  which,  passing  into  the  blood  of  the  hepatic  veins,  is 
oxidized  or  otherwise  made  use  of,  or  is  it  in  the  hepatic  cells 
converted  into  some  more  complex  substance,  it  may  be  fat  or 
some  other  body  ? 

The  view  that  glycogen  is  converted  into  fat  is  based  chiefly 
on  the  fact  that,  as  we  shall  see  later  on,  the  carbohydrates  of  the 
food  are  undoubiedly,  in  some  way  or  other,  a  source  of  the  fat 
of  the  body»  that  a  large  quantity,  freqiiently  a  very  large  quantity, 
of  fat  is  found  in  the  hepatic  cells,  and  that  the  quantity  of  fat 
present  seems  to  be  increased  by  such  diets  as  naturally  increase 
the  glycogen  in  the  liver.  But  we  shall  have  occasion  to  pomt 
out  that  the  direct  conversion  of  carbohydrates  into  fat  is  at  least 
disputed  ;  and  no  one  has  yet  been  able  even  to  suggest  tlje  way  in 
which  glycogen  could  be  converted  into  fat.  In  the  absence  ot 
more  direct  and  exact  information  the  discussion  as  to  the  fate 
of  the  hepatic  glycogen  has  been  made  to  turn  chiefly  on  the 
question,  whether  there  is  evidence  of  the  reconversion  normally, 
during  life,  of  the  glycogen  into  sugar,  whether  the  blood  of  the 
hepatic  vein  contains  in  life  more  sugar  than  that  of  the  portal 
vein.  Bernard  both  in  his  earlier  and  later '  researches  maintained 
that  the  blood  of  the  Irepatic  vein  under  normal  conditions  was 
richer  in  sugar  than  the  bluud  of  the  portal  vein  or  indeed  of  any 
other  part  of  the  vascular  system ;  and  this  he  regarded  as  aj» 
indication  that  the  liver  is  always  engaged  in  discharging  a  certain 
quantity  of  sugar  into  the  hepatic  veins.  Bernard's  views  have 
been  accepted  by  many  observers.  On  the  other  hand  Pavy  was 
tlic  first  to  maintain  that  the  blood  in  the  he])atic  vein,  if  care  be 
taken  to  keep  the  animal  in  a  perfectly  normal  condition,  contains 
no  more  sugar  than  does  the  blood  of  the  right  auricle  or  of  the 
portal  vein,  and  indeed  that  the  liver  itself,  if  examined  before 
wty  post-mortem  changes  have  had  time  to  develope  themselves^  u 
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absolutely  free  from  sugar;  in  this  he  has  been  supported  by 
Tscherinoffi  and  fthcrs. 

Now  the  quantitative  detemunation  of  sugar  in  blood  whichever 
procedure  be  adoptetl  is  open  to  many  sources  of  error*.  And 
when  the  quantity  o(  blood  which  is  continually  flowing  ihnmgh 
the  liver  is  taken  under  consideration,  it  is  obvious  that  an  amount 
of  sugar,  which  in  the  spv^cimen  of  blood  taken  for  exaniination 
fell  within  the  liuiiis  of  errors  of  observation,  might  when  multi- 
plied by  the  whole  quantity  of  blood,  and  by  the  numlier  of 
times  the  blood  passed  through  the  liver  in  a  certain  lime,  reach 
dimensions  quite  sufficient  to  account  for  the  conversion  into 
sugar  of  the  whole  of  the  glycogen  present  in  the  liver  at  any 
given  time.  Hence  we  may  safely  conclude  that  the  comparative 
analyses  of  hepatic  and  portal  blood,  if  they  do  not  of  themselves 
pcovc  that  the  liver  is  either  continually  or  at  intervals  converting 
some  of  its  glycogen  into  sugar  and  discharging  this  sugar  into  the 
general  system,  arc  at  least  not  sufficiently  trustworthy  to  disprove 
the  possibility  of  such  a  discliarge  of  sugar  being  one  of  the  normal 
functions  of  the  Hver. 

Normal  hepatic  blood  was  obtained  by  Pavy,  by  means  of  an 
tngcnioas  cathcterisation.  He  introduced  through  the  jugular  vein, 
imo  the  superior,  and  so  into  the  inferior  vena  cava,  a  long  catheter, 
consiru-tcd  in  such  a  manner  that  he  could  at  pleasure  plug  up  the 
vena  cava  below  the  cmbouchcmcnt  ()f  the  hepatic  veins,  and  draw 
blood  exclusively  from  the  latter  ;  or  vic^  v^rsa. 

In  the  absence  of  positive  evidence  we  are  thrown  back  upon 
theoretical  considerations ;  and  undoubtedly  there  are  many  a 
prhri  arguments  which  may  be  urged  in  support  of  the  view 
that  the  glycogen  is  deposited  in  the  liver  simply  as  a  store  of 
carbohydrate  material,  being  accumulated  whenever  amylaceous 
material  is  abundant  in  the  alimentary  canal,  and  being  converted 
into  sugar  and  so  drawn  upon  by  the  body  at  large  to  meet  the 
general  demands  for  carbohydrate  material  during  the  intervals 
when  food  is  not  being  taken.  And  we  can  accept  this  view 
withotjt  being  able  to  say  definitely  what  becomes  of  the  sugar 
thus  thrown  into  the  hepatic  bloo*!.  Bernard  believed  that  this 
•ugar  underwent  an  immediate  and  direct  oxidation,  but  we  have 
already  dwelt  (p.  366)  on  the  objections  to  such  a  view.  It  ts 
safhcient  for  us  at  the  present  to  admit  that  the  sugar  is  made«use 
of  in  some  way  or  other. 

Now,  many  considerations  lead  us  Xo  believe  that  a  certain 
average  composition  is  necessary  for  that  great  mternal  medium 
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thc  blood,  in  order  that  the  several  tissues  may  thrive  upon  it  to 
the  best  advantage,  one  element  of  that  cofhposU;on  being  a 
certain  percentage  of  sugar.  It  would  appear  that  all  or  some 
at  least  of  the  tissues  are  continually  drawing  upon  the  blood  for 
sugar,  and  that  hence  a  certain  supply  must  be  kept  up  to  meet 
tiiis  demand :  on  the  other  hand  an  excess  of  sugar  in  the  blood  ■ 
itself  would  be  injurious  to  the  tissues.  And  as  a  matter  of  fart  I 
we  find  the  quantity  of  sugar  in  blood  is  small  but  constant ;  it 
remains  at>out  the  same  when  food  is  being  taken  as  in  the  interval 
between  meals.  If  sugar  be  in  too  large  quantities  or  too  rapidly  ^ 
injected  into  the  jugular  vein  a  certain  quantity  appears  in  the  V 
urine,  indicating  an  effort  of  the  system  to  throw  off  the  excess  ' 
and  bring  back  the  blood  to  its  average  condition.  Such  a  con- 
stant percentage  of  sugar  would  obviously  be  provided  for  or  at 
least  largely  assisted  by  the  liver  acting  as  a  structure  where  the 
sugar  might  at  once  and  without  much  labour  be  packed  away  in 
the  form  of  the  less  soluble  glycogen,  when,  as  during  an  amy- 
laceous meal,  sugar  is  rapidly  passing  into  the  blood,  and  there  is 
a  danger  of  the  blood  becoming  loaded  with  far  more  sugar  than 
is  needed  for  the  lime  being  j  and  it  may  be  incidentally  noted 
that  a  larger  quantity  of  sugar  may  be  injected  into  the  portal 
than  into  the  jugular  vein  without  any  reappearing  in  the  uririe, 
apparently  because  a  large  portion  of  it  in  such  a  case  is  retained 
in  the  liver  as  glycogen*  When  on  the  other  hand  sugar  cease* 
to  pass  into  the  blood  from  the  alimentary  canal,  the  average 
percentage  in  the  blood  is  maintained  by  a  reconversion  into 
sugar,  and  its  passage  into  the  hepatic  blood,  of  the  glycogen 
previously  stored  up. 

Moreover,  this  view,  that  the  glycogen  of  the  liver  is  a  reserve 
fund  of  carbohydrate  material,  is  strongly  snppoited  by  the  analogy 
of  the  migration  of  starch  in  the  vegetable  kingdom.  We  know 
that  the  starch  of  the  leaves  of  a  plant,  whedier  itself  having 
previously  passed  through  a  glucose  stage  or  not,  is  normally  con- 
Vfericd  into  siigarj  and  carried  down  to  the  roots  or  other  pans. 
where  it  frequently  becomes  once  more  changed  back  again  in 
starch. 

A  similar  argument  maybe  drawn  from  the  relations  of  glycogen  tA 
muiclc.  So  frequently  is  glycogen  found  in  mus?le  that  it  maybe 
rc|;arded  as  an  ordinary  though  not  an  invarial>le  constituent  of  that  I 
lisaUe  :  indeed  it  may  almost  be  con<;idered  as  a  constiiucnt  of  all  con- 
tractile tissues.  According  to  Chandclon'  it  is  increased  in  quantity 
when  the  nerve  of  the  muscle  is  divided,  and  the  muscle  thus  brought 
into  a  state  of  quiescence.     On  the  other  hand  it  diminishes  or  even 
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disappears  when  ihe  muscle  has  been  tetatiized  or  has  entered  into 
rigor  mortis'.  But  muscles  may  be  fuUy  alive  and  contractile  from 
which  glycogen  is  wholly  ab^nt'.  From  this  we  may  infer,  not  that 
glycogen  is  a  necessary  chemical  factor  of  muscular  metabolism, 
but  that  it  can  furnish  materials  for  that  metabolism^  and  hence  is 
stored  up  in  the  muscle  so  as  to  be  ready  at  hand  for  use.  The  fact 
observed  by  Weiss'  that  in  starving  ^cns  glycogen  is  still  found  in  the 
pectoral  muscles  after  it  has  disappeared  from  the  hver,  suggested  that 
this  secondary  and  special  store  in  the  muscle  was  from  its  functional 
importance  more  constant  than  what  maybe  considered  as  the  general 
and  primary  store  in  the  liver  ;  but  Luchsinj^cr*  states  that  this  is  a 
special  feature  of  the  fowl's  pectoral  muscles;  from  other  muscles 
glycogen  may  disappear  long  before  the  store  in  the  liver  has  been 
exhaasttcd, 

But  if  we  answer  the  question,  what  becomes  of  the  hepatic 
glycogen  by  accepting  the  view  that  the  hepatic  glycogen  is  simply 
store  glycogen,  wailing  to  be  converted  into  sugar  little  by  little  as 
the  needs  of  the  economy  demand*  and  not  glycogen  on  its  way 
to  taJce  part,  through  the  agency  of  the  hepatic  protoplasm,  in  the 
formation  of  some  more  complex  compound,  such  as  fat,  we  have 
prepared  the  way  for  an  answer  to  the  question  with  which  we 
started,  in  what  is  the  exact  origin  of  the  hepatic  glycogen?  For 
if  such  he  the  purpose  of  glycogen,  it  is  only  reasonable  to  suppose 
that  the  glycogen  which  makes  its  appearance  in  the  liver  after 
an  amylaceous  meal  arises  from  a  direct  conversion  of  the  grape- 
sugar  carried  to  the  liver  by  the  portal  vein,  the  sugar  becoming 
through  some  action  of  the  hepatic  protoplasm  dehydrated  into 
starch,  by  a  process  the  reverse  of  that  by  which  in  the  alimentary 
canal  starch  is  hydrated  into  sugar  through  the  action  of  the 
salivary  and  pancreatic  ferments.  Vegetable  protoplasm  can  un- 
doubtedly convert  both  starch  into  sugar  and  sugar  into  starch  ; 
and  there  are  no  d  priori  arguments  or  ]x»sitive  facts  which  would 
lead  us  to  suppose  that  the  activity  of  animal  protoplasm  cannot 
accom[)lish  the  latter  as  well  as  the  former  of  these  changes.  At 
the  same  time  it  must  be  remembered  that  this  view  does  not 
preclude  the  possibility  of  glycogen,  in  the  absence  of  a  supply  of 
sugar  from  the  portil  bloud.  as  for  instance  when  glycogen  is 
stored  up  in  the  liver  as  the  result  of  purely  proieid  loud,  being 
formed  in  other  ways» 

It  has  been  stated'  that  glycerine  introduced  into  the  alimentary 

•  Nase,  Pfltijfei'ft  MrrAh,  u.  (1S69)  p.  97  ;  xiv,  (1877)  p,  4^ 
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canal  ^vcs  rise  to  an  increase  of  glycogen  in  the  liver ;  and  Luchsingcr  • 
finds  that  in  an  animal,  the  liver  of  which  has  Ijeen  proved  to  be  free 
from  glycogen  by  the  examination  of  an  excised  lobule,  glycogen 
appears  in  the  liver  within  an  hour  of  the  glycerine  being  given  :  this 
seems  undoubtedly  to  shew  thi^t  hepatic  glycogen  niay  be  formed  in 
other  ways  than  by  the  direct  dehydration  of  sugar.  It  is  diffiull  to 
suppose  that  glycerine  can  be  directly  converted  into  glycogen  ;  and  it 
has  been  urged  that  in  this  ca-^e  the  glycerine,  by  becoming  oxidixed, 
causes  a  saving  in  the  expenditure  of  carbohydrate  materiaJ,  and  thus 
indirectly  leads  to  an  accumulation  of  glycogen-  But  this  view  is 
opposed  by  the  fact  that  lactic  acid,  to  which  we  should  readily  tuni  as 
being  eminently  oxidiiable,  and  therefore  eminently  calculated  to  saire 
carbohydrate  expenditure,  does  not  lead  to  any  similar  storing  up  of 
glycogen.  And  Luchsinger'  states  that  glycerine  injected  in  consider- 
able quantities  under  the  skin,  and  absorbed  from  the  subcutaneous 
tissue,  leads  lo  no  increase  of  glycogen ;  so  that  the  glycogen  which 
appears  in  the  liver  when  glycerine  is  introduced  into  the  alimentary- 
canal  would  seem  to  come  from  someconversionof  the  glycerine  either 
in  the  alimentary^  canal  or  when  it  reaches  the  hepatic  cells  by  the 
portal  blood  i  ditlicult  as  any  chemicai  conception  of  tliat  conversion 
may  be. 

The  statements  with  regard  to  the  glycogenic  inflnence  of  gelatine 
are  conflicting  ^.  The  balance  of  evidence  is  perhaps  in  favour  of  gly- 
cogen being  stored  up  in  the  liver  as  the  result  of  a  diet  of  pure 
gelatine.  This  would  indicate  a  transformation  into  glycogen  of  the 
non-nitrogenous  moiety  re^^ulting  from  that  splitting  up  of  gelatine  of 
which  we  shall  have  to  speak  later  on. 

In  general,  glycogen^  having  as  far  as  we  know  in  all  cases  the  same 
characters,  appear-,  to  be  fonned  in  varying  quantity  when  any  of  the 
following  substances  are  given  as  food  :  starch,  dextrin,  sugar  (cane, 
grape,  fruit,  milk),  inulinj  lichenin,  arbutin,  glycerine,  albumin,  fibrin, 
casein,  gelatine.  It  appears  not  to  be  formed  by  fat,  inosit,  quercitc, 
mannite,  erytbritc. 

The  question  nnay  be  asked.  How  is  it  possible  for  the  glyco- 
gen, which  at  the  temperature  of  the  body  is  so  readily  converted 
into  sugar  by  the  actiou  of  ferments,  to  remain  as  glycogen  in  the 
presence  of  the  ferment  which,  as  we  know  from  post-mortem 
changes,  exists  in  the  hepatic  tissue  ?  We  can  only  answer  thai 
the  solution  of  this  problem  is  of  the  same  kind  as  that  of  the 
problems,  why  blood  does  not  clot  in  the  living  blood-vessels,  why 
the  living  muscle  tloes  not  become  rigidj  and  why  the  living 
stomach  or  pancreas  does  not  digest  itself.  It  might  be  added, 
bearing  in  mind  the  history  of  the  fibrin  ferment,  that  we  have 
DO  proof   that   such   an   amylolytic   ferment   does   exist    in   the 

^  Pfitiger's  Anhiv,  xvrn,  (1878)  p.  472. 
■"  ''fiiigcr* 5  Archiv^  \in.  (1874)  ^89. 

'  mard.  M»cDonncl,  Luuhsinger,  Mering»tf/.^    Wolffberg,  Zi./.  Bi^l^ 
a66. 
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living  hepatic  cells.  It  is  jxjssible  that  the  ferment  which  can  be 
extracted  after  death  only  makes  its  appearance  as  the  result  of 
changes  which  have  taken  place  in  the  protoplasm  of  the  hepatic 
cells. 

If  as  Seegen  states  (see  p.  457)  ihe  sugar  formed  by  the  liver  is  true 
grape-sugar  while  that  produced  by  the  ajtioiv  of  ordinary  ainylolytic 
^riiicnts  is  another  though  allied  kind  uf  sugar,  the  furmatioo  ol 
sugar  in  the  hrst  case  must  be  regarded  as  a  peculiar  and  complex 
process. 

It  is  clear  that  the  glycogen  is  contained  in  the  hepatic  cells  ;  bat  rt 
is  by  no  means  certain  that  it  exists  there  in  what  may  be  called  a  free 
state.  The  fact  that  under  the  microscope  the  hepatic  cells  give  with 
iodine  ilie  colour  reaction  of  glycogen,  is  no  proof  of  the  glycogen 
being  free.  It  has  been  described  as  sometimes  occurring  in  granules  ; 
but  this,  if  ever,  is  certainly  not  always  its  condition.  It  is  worthy  of 
notice  that  all  the  means  adopted  to  extract  glycogen  from  a  tissue  are 
such  as  would  readily  decompose  unstable  complex  compounds.  If  we 
advance  the  view  that  the  glycogen  of  the  hepatic  protoplasm  docs 
not  exist  as  an  independent  body,  simply  mixed  with  the  other  proto- 
plasmic constituents,  but  is  loosely  connected  with  other  (possibly 
proteid)  substances  as  part  of  a  very  complex  compound,  few  facts 
would  be  found  opposing,  and  many  supporting,  such  a  view. 

Diabetes.  Natural  diabetes  is  a  disease  characterized  by  the 
appearance  of  a  la»ge  quantity  of  sugar  in  the  urine.  Into  the 
pathology  of  the  various  forms  of  this  disease  it  is  impossible  to 
enter  here ;  but  a  temporary  diabetes,  the  appearance  for  a  while 
of  a  large  quantity  of  sugar  in  the  urine,  may  be  artificially  pro- 
duceil  in  aiumals  in  several  ways.  If  the  tnedulla  oblongata  of  a 
well-fed  rabbit  t>c  punctured  in  the  region  which  we  have  previously 
described  (p.  218)  as  that  of  the  vasomotor  centre  (the  area 
marked  out  by  Eckhaid  as  the  diabetic  area  agreeing  very  closely 
with  that  defined  by  Owsjannikow  as  the  vaso^uiolor  area),  though 
the  animal  need  not  necessarily  be  in  any  other  way  obviously 
affected  by  the  operation,  its  urine  will  be  found,  in  an  hour  or 
two,  or  even  less,  to  contain  a  considerable  quantity  of  sugar,  and 
to  be  increased  in  amount.  A  little  later  the  quantity  of  sugar 
will  have  reached  a  maximum,  alter  which  it  declines,  and  in  a 
day  or  two,  or  even  less,  the  urii^e  will  be  again  perfectly  normid- 
The  better  fed  the  anmjal,  or,  more  exactly,  the  richer  in  glycogen 
the  liver  at  tlic  time  of  the  operation,  the  greater  the  amount  of 
sugar.  If  the  aiumal  be  previously  starved  so  that  the  liver 
contains  little  or  no  glycogen,  the  urine  will  after  the  operation 
contain  litllc  or  no  sugar*  It  is  clear  that  the  urinary  sugar  of 
this  fonn  of  artificial  diabetes  comes  from  the  glycogen  of  the 
liver.  The  puncture  of  the  medulla  causes  such  a  chaingc  in  tl 
F.  r.  28 
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liver  that  the  previously  stored-up  glycogen  disappear?;,  and  the 
blood  becomes  loaded  with  sugar,  much  if  not  all  of  which  passes 
away  by  the  urine.  In  the  absence  of  any  proof  to  the  contrary, 
we  may  assume  tfmt  in  this  form  of  artificial  diabetes  the  glycogen 
previously  present  in  the  liver  becomes  converted  into  sugar,  just 
as  we  know  that  it  does  become  so  converted  by  post-mortem 
clianges.  The  glycogenic  function  of  the  liver  is  therefore  subject 
to  the  influence  of  the  nervous  system,  and  in  particular  to  the 
influence  of  a  region  of  the  cerebro-spinal  centre  which  we  already 
know  as  the  vaso-motor  centre,  or  at  least  of  a  part  of  that  region. 
The  path  of  the  influence  may  be  traced  along  the  cervical  spinal 
cord  (and  not  along  the  vagi,  though  the  roots  of  these  nerves  lie 
so  close  to  the  diabetic  spot),  as  far  down  as  (in  rabbits)  the  level 
of  the  third  or  fourth  dorsal  vertebra',  or  even  a  little  lower,  from 
the  spinal  cord  to  the  first  thoracic  ganglion,  anil  Irom  thence  to 
the  liver  by  some  channel  or  channels  at  present  undetermined. 
We  cannot  at  present  define  clearly  the  nature  of  that  influence. 
We  cannot  say  whether  the  temporary  diabetes  is  a  simple  effect 
of  dilation  of  the  hepatic  arteries  which  accompanies  the  diabetic 
puncture  or  of  some  direct  action  of  the  nerves  on  the  metabolic 
activity  of  the  hepatic  protoplasm. 

According  to  Eckhard*  the  phenomena  are  those  of  irritation,  and 
not  of  the  simple  withdrawal  of  any  accustomed  nervous  influence. 
He  slates  that  while  mechanical  injury  of  ihe  lirst  thoracic  ganghon 
(see  Fig-  37)  will  produce  diabetes,  no  such  effect  is  produced  if  the 
ganghon  be  carefully  removed,  or  if  its  connections  with  the  spinal 
cord  or  wiih  the  remainder  of  the  thoracic  chain  be  corapleiely 
divided. 

Cyon  and  Aladoff^  on  the  contrary,  regard  the  whole  matter  as 
one  of  simple  loss  of  vascular  tone.  They  state  that  the  diabetic 
puncture  produces  dilation  of  the  small  branches  of  the  hepatic 
artery,  from  injury  to  the  corresponding  portion  of  the  general  vaso- 
motor centre,  and  accordingly  tind,  in  opposition  to  Eckhard,  that 
simple  division  of  the  nervous  path,  removal  of  the  first  thoracic 
ganglion,  or  division  of  certain  (variable)  nerves  proceeding  from  it, 
produces  diabetes  equ'illy  well  as  irritation  of  the  ganglion.  Eckhaitj 
found  that  simple  section  of  the  splanchnic  nerves  not  only  did  not 
produce  diabetes  but  even  prevented  its  occurrence  when  performed 
previously  to  the  diabetic  puncture.  On  the  hypothesis  that  the 
phenomena  in  question  are  those  of  irritation  and  not  of  paralysis, 
this  fact  would  seem  to  shew  that  the  splanchnics  serve  a^  the 
channels  by  which  the  impulses  set  up  in  the  medulla,  thoracic  gan- 
glion, &&,  reach  the  liver.     Cyon  and  Aladoff  however  regard  the 

•  Eckhard,  Bettritge^  Vlll.  (1877)  p.  79. 

•  Beitrd^f,  IV,  (li^)  I  ;  vn.  I, 
«  Bull.  Acad.  Imp,  Scu  Si,  /V/«rA,  xvi,  ( 1 871)  p.  308, 
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absence  of  diabetes  after  simple  section  of  the  spl.inchnics  as  a  proof 
that  the  vasomotor  hbrcs  concerned  in  the  matter  pass  to  the  liver  by 
some  other  channel  than  the  splanchnics ;  and  they  explain  the 
preventive  influence  of  previous  section  of  the  splanchnics,  by  sup- 
posing that  this  operation,  by  withdrawing  a  lar>;e  quantity  of  btood 
mio  the  abdominai  organs,  prevents  the  effects  of  the  dilation  of  the 
comparatively  small  hepatic  arltrry  from  manifestmg  themselves.  For 
according  to  ibem,  it  is  not  the  total  quantity  of  bloody  but  the  rela- 
tive proportion  of  arterial  blood  reaching  the  liver,  which  determines 
the  appearance  of  the  sugar. 

Simple  section  of  the  spinal  cord  (in  rabbits)  sometimes  does  and 
sometimes  does  not  produce  diabetes,  and  in  all  cases  the  effect 
appears  rapidly  and  soon  disappears.  Complete  section  of  the  spinal 
cord  at  any  height  down  to  the  level  of  the  third  or  fourth  dorsal 
vertebra  renders  the  diabetic  puncture  incffssctual",  and  prevents  the 
diabetes  of  morphia  poisoning  from  being  developed.  Section  of  the 
vagi  may  produce  a  very  flight  and  passing  diabetes,  but  stimulation 
of  the  central  end  of  cither  vagus  may  give  rise,  apparently  by  reflex 
excitation  of  the  medullary  centre,  to  a  marked  quantity  of  sugar  in 
the  unne.  The  diabetic  puncture  is  in  no  way  interfered  with  by 
previous  section  of  both  vagi. 

Artificial  diabetes  is  also  a  prominent  symptom  of  urari  posioti- 
ing.  This  is  not  due  to  the  artificial  respiration,  which  is  had 
recourse  to  in  order  to  keep  the  urarized  animals  alive  ;  because, 
though  disturbance  of  the  respiratory  functions  sufficient  to 
interfere  with  the  hepatic  circulation  may  produce  sugar  in  the 
urine,  artificial  respiration  may  be  carried  on  without  any  sugar 
making  its  appearance.  Moreover,  it  is  seen  in  frogs,  in  which 
respiration  can  be  satisfactorily  carried  on  without  any  pulmonary 
respiratory  movements, 

A  very  similar  dialictes  is  seen  in  carbonic  oxide  poisoning; 
and  is  one  of  the  results  of  a  sufficient  dose  of  morphia  or  of 
amyl  nitrite. 

According  to  Dock*,  stigar  appears  in  the  urine  of  urarired  mammals, 
even  when  they  are  starving  and  presumably  contain  no  glycogen  in 
their  livers.  If  this  be  so,  uran  diabetes  must  have  quite  a  different 
causation  from  puncture  diabetes;  but  Winogradoff^  found  no  sugar 
in  the  urine  of  curariied  frogs  frum  which  the  hvcrs  had  been  removed, 
and  Siikows  y*  found  that  in  mammals  after  arsenic  poisoning  urari 
did  not  pro^luce  diabete>,  shewing  that  if  in  urari  poisoning  the  sugar 
docs  not  come  from  the  liver  but  from  the  muscles,  arsenic  has  a  like 
effect  in  prevcnlmg  the  accumulation  of  glycogen  in  the  latter  as  in  the 
former. 

•  Eekhard,  Britrajir,  vm.  p.  79, 

•  FflUgcr'i  Artkip,  \,  (1872)  p   71. 
«  V»rehi>w*s /lnr>lif,  xxvii,  (1863)  p^  53^ 

•  CiniHft,  mtd.  Wist,  1865,  p,  769. 
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Eckhard*  found  that  morphia  diabetes  was,  like  the  puncture 
diabetes,  prevented  by  section  of  the  splanchnics  or  by  section  of  the 
spinal  cord  above  the  level  of  the  third  or  fourth  dorsal  vertebra. 
The  drug  appears  therefore  to  act  through  the  medullary  diabetic 
centre. 

The  subcutaneous  injection  of  glycerine  prevents  (but  not  in  all 
cases,  and  not  always  effectually)  the  appearance  of  diabetes  after  the 
puncture"  or  after  morphia  poi.soning.  The  reason  of  this  is  not  at 
present  clear.     The  urine  at  the  same  time  becomes  bloody. 

The  injection  of  glycogen  in  suBicient  quantity  into  the  blood 
gives  rise  in  the  urine  not  only  to  sugar  but  to  a  much  larger  quantity 
of  a  substance  identical  apparently  with  Briicke's  achroodextrin^ 

There  can  be  no  doubt  that  in  diabetes,. arising  from  whatever 
cause,  the  sugar  appears  in  the  urine  because  the  blood  contains 
more  sugar  than  usual.  The  system  can  only  dispose  {cither  by 
oxidation,  or  as  seems  more  probable  in  other  ways)  of  a  certain 
quantity  of  sugar  in  a  certain  time.  Sugar  injected  into  the  jugular 
vein  reappears  in  tlie  urine,  whenever  the  injection  becomes  so 
rapid  that  the  percentage  of  sugar  in  the  blood  reaches  a  certain 
(low)  limit.  Sugar  in  the  urine  means  an  excess  of  sugar  in  the 
blood.  How  in  natural  diabetes  that  excess  arises,  we  have  at 
present  no  facts  to  shew  j  but  it  is  extremely  probable  that  the 
sources  of  the  excess  may  be  various,  and  hence  that  several 
distinct  varieties  of  diabetes  may  exist.  In  one  among  many 
points,  the  clinical  history  of  diabetes  throws  light  on  the 
possible  sources  of  glycogen.  While  in  many,  especially  of  the 
less  severe  cases  of  diabetes,  withdrawal  of  all  amylaceous  food  is 
followed  by  a  disappearance  of  sugar  from  the  urine,  in  many 
instances  the  sugar  continues  to  be*  discharged  even  though  the 
diet  be  perfectly  free  from  carbohydrates  ;  and  in  many  other  cases 
the  sugar  in  the  urine  is  far  in  excess  of  that  taken  as  food.  In 
these  cases  the  sugar  must  have  some  non -amylaceous  source;  from 
this  we  infer  that  glycogen  also  may  have  a  similar  origin ;  and  the 
fact  that  the  urea  is  increased  (and  that  too  in  some  cases  in  ratio 
with  the  sugar^)  m  diabetes,  suggests  that  the  sugar  may  arise  from 
proteids  which  have  been  spirt  up  into  a  nitrogenous  (urea)  and  a 
non-nitrogeuous  moiety. 

It  has  been  shewn  by  Wickhara  Legg,  and  confirmed  by  Von 
Wittich,  that  ligature  of  the  bile-ducts  causes  a  disappearance  of 
glycogen  from  the  hver,  and  that  (four  or  six  days)  after  the  ligature 
the  diabetic  puncture  produces  no  diabetes.  This  cannot  be  explained 
by  supposing,  as  Von  Wiitich  docs,  that  the  glycogen  formed  previous 

*  (?/.  df.  •  L«chsinger,PflUger*s  Archive  Xi.  (1875)  p.  501, 
»  Boehm  «nd  Hoffmann,  Archiv  Rxp,  Path.,  vil.  (1^77)  p.  489. 

*  Kingcr^  M<d.  CAir.  fraHS.,  XLiii. 
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to  the  operation  Is  r.ipidly  converted  into  sugar  by  a  ferment  developed 
m  the  stagnant  bilcj  for  no  sugar  appears  in  the  urine*.  We  arc 
TAthcr  led  to  infer  that  the  formation  of  the  glycogen  is  prevented  by 
inicrfcrcncL'  with  the  nutrtive  functions  of  the  hepatic  cells. 

According  to  Scegen*  the  sugiir  which  is  formed  naturally  in  the 
fiver  post  mortem  is  tiue  grape-sugar,  but  that  which  is  artihcially 
furmcd  out  of  glycogen  by  the  action  o*"  ferments  (salivary,  pancreatic. 
Sec),  like  the  sugar  similarly  formed  out  of  st;irch,  is  not  true  graf*- 
su^ar  but  some  allied  form  (sec  p.  241).  It  is  possible  that  the 
phenomena  of  some  kinds  of  <Iiab€tcs  may  depend  on  the  liver 
foi  iiiing  an  abnormal  kind  of  !^ugar,  which  cannot  undergo  the  changes 
which  are  undergone  b>*  the  normal  kind  or  kinds  usually  present  in 
the  body.  Such  an  explanation  of  diabetes  was  suggested  long  i«go, 
but  has  not  hitherto  been  supported  by  sufficient  evidence,  and  further 
investigation  is  still  necessary  before  any  opinion  can  be  passed  as  to 
its  value. 

Various  suggestions  have  been  made  with  reference  to  the  chemical 
ways  in  which  carbohydrate  material  might  make  its  appearance 
during  hepitic  metabolism  It  ha»  been  pointed  out,  for  instance, 
th^t  proieid  material  might  be  split  up  into  glycogen  and  the  bilc- 
acids,  or  that  glycin  mtght  be  split  up  int'j  urea  and  glucose 
(4r,H4NO,  »=  2CH4N,0  +  CgHjjOa).  But  these  views  must  at 
present  be  considered  as  suggestions  only. 


1%^  Hnt0ry  of  Fat.    Adipose  Tissue. 

Of  all  the  tissues  of  the  body  adipose  tissue  is  the  most  fluctu- 
ating in  bulk  ;  within  a  very  bhort  space  of  time  a  large  amount  of 
adipose  li&suc  may  disappear,  and  within  an  almost  equally  s-hort 
lime  the  quanttty  present  in  a  body  may  be  several  times  muhipJied. 
Histological  Inquiries  teach  us  that  when  an  animal  is  fattening  the 
niinule  drops  or  specks  of  fat  normally  present  in  certain  con- 
nective-tissue corpuscles  are  seen  to  increase  m  number,  the  pro- 
toplasm enlarging  at  the  same  lime.  As  these  specks  increase  they 
coalesce  into  drops,  which  by  similar  coalescence  form  larger  drops, 
until,  the  protoplasm  first  ceasing  to  increase  and  then  diminishing, 
the  origuial  connective- tissue  curpuncle  is  transformed  into  a  fat- 
cell,  with  a  remnant  only  of  protoplasm  gathered  round  the  nucleus 
and  forming  an  imperfect  envelope  round  the  enlarged  contents. 
\\  hen,  on  the  contrary,  an  animal  is  fasting,  the  fat  seems  in  some 
way  to  escape  from  the  cell,  which  it  may  leave  as  an  empty  L»ag 
collapsed  around  the  nucleus.  These  facti  point  to  tlie  conclusion 
that  the  lat  of  adipose  tissue  is  not  simply  and  mechanically 
collected  in  the  cell,  but  is  iormcd  by  the  active  agency  of  the 

•  KUlzand  E.  Frcrich&»  Pfliigcr's  Arthiv^  XIU.  (1876)  p.  46a 

*  tf^^i^^  Archw,  XIX.  (1879IP.  106, 
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cell,  being  apparently  the  result  of  a  breaking  up  of  the  protoplasm  ; 
when  formed,  however,  it  appears  to  be  discharged  from  the  cell 
in  a  more  or  less  mechanical  manner,  as  the  needs  of  the  economy 
demand.  And  this  view  is  supported  by  the  fact  that  protoplasm, 
wherever  occurring,  both  during  hfe  and  after  death  (when  it 
could  not  possibly  be  supplied  with  fat  from  without),  is  subject 
to  latly  degeneration,  in  which  the  fat  evidently  arises,  in  lai^e 
part  at  least,  from  the  breaking  up  of  proteid  compounds. 

On  the  other  hand,  we  have  traced  the  fats  taken  as  food,  and 
found  that  they  pass  with  comparatively  little  change  from  the 
alimentary  canal  into  the  blood,  cither  directly,  or  through  the 
intermediate  passage  uf  the  chyle.  We  might  infer  from  this  that 
an  excess  of  Jat  thus  entering  the  blood  would  naturally  be  simply 
stored  up  in  the  available  adipose  tissue,  without  any  further 
change,  the  connective-tissue  corpuscles  after  the  fashion  of  an 
aniuuba  eating  the  fat  brought  to  them  but  not  digesting  it,  simply 
keeping  It  in  store  till  it  was  wanted  elsewhere. 

Which  of  these  views  is  the  true  one,  or  how  far  are  both  these 
operations  carried  on  in  the  animal  body  ?  In  the  first  place,  it  is 
evident  that  in  an  animal  fattened  on  ordinary  fattening  food,  only 
a  small  fraction  of  the  fat  stored  up  in  the  body  can  possibly  come 
direct  from  the  fat  of  the  food.  Long  ago,  in  opposition  to  the 
views  of  Dumas  and  his  school,  who  taught  that  all  construction 
of  organic  material,  that  all  nciual  nmtiufacture  of  protoplasm  or 
even  of  its  organic  constituents,  was  confined  to  vegetables  and 
imknowu  in  animals,  Liebig  shewed  that  the  butter  present  in  the 
milk  of  a  cow  was  much  greater  than  could  be  accounted  for 
by  the  scanty  fat  present  in  the  grass  or  other  fodder  she  con* 
suraed.  He  also  urged,  as  an  argument  in  the  same  direction, 
that  the  wax  produced  by  bees  is  out  uf  all  proportion  to  the 
fat  contained  in  their  food,  consisting  as  this  does  chiefly  of 
sugar.  And  Lawes  and  Gilbert  ■  have  shewn  by  direct  anal)^is 
that  for  every  too  pans  of  fat  in  the  food  of  a  fattening  pig,  472 
parts  were  stored  up  as  fat,  during  the  fattening  period.  It  is 
clear  that  fat  is  formed  in  the  body  out  of  something  which  is 
not  fat. 

There  are  two  possible  sources  of  this  manufactured  fat  In 
treating  of  digestion  (p.  J13),  we  referred  to  the  possibility  ol 
digested  carbohydrates  becoming  converted  into  fats  by  the  butyric 
acid  fermentation.  Analogous  ferment-aciions  may  similarly 
elaborate  other  fats.  And  there  can  be  no  doubt  that  a  carbo- 
'lydrate  diet  is  most  efficacious  in  producing  an  accumulation  o( 

•  /^.  Thuu.,  1860L 
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nitrogen.     Thus  ihe   percentage 
respectively^ 

composition  of 

Carbon.        Hydr)g«ji. 

Urea        2000         6*66 
Proteid     53              7*30 

Oxygen*          Niirugen. 
2667           4667 

2304        IS'53 

fai  in  the  body  Sugar  or  starch,  in  some  form  or  other,  is  always 
a  large  constituent  crt  ordinary  fattening  foods. 

Another  source  of  iat  is  to  be  found  in  tlic  proteitls.  Wc  have 
seen  that  the  urea  <)f  the  urine  practically  represents  ihe  whole  of 
the  nitrogen  which  passes  through  the  body.  Now  in  any  given 
quantity  of  urea  the  amount  of  carbon  is  far  less  than  that  found 
in    the   quantity   of    proteid    containing    the    same   amount   of 

the  two  being 

Sulphur. 

1**3 

100  grms.  of  urea  contain  about  as  much  nitrogen  as  300  grros  of 
proteid ;  but  the  300  grms.  of  proteid  contain  139  grms.  (150  ~  20) 
more  carbon  than  do  the  1 00  grms.  urea.  Hence  the  300  grms.  of 
proteid  in  passing  through  the  body  and  giving  rise  to  100  grms. 
of  urea,  would  leave  behind  139  grms.  of  carbon,  in  some  combi- 
nation or  other ;  and  this  surplus  of  carbon,  if  the  needs  of  the 
economy  did  not  demand  that  it  should  be  immediately  converted 
into  carbonic  acid  and  thrown  off  from  the  body,  might  be  deposited 
somewhere  in  the  form  of  fat.  We  have  already  seen,  in  treating 
of  the  action  of  the  pancreatic  juice  (p.  260),  that  there  is  evidence 
of  a  fatty  element  being  thrown  off  from  the  complex  proteid 
compound  in  the  very  process  of  digestion. 

It  is  clear  that  a  constrttction  of  fat  does  occur  in  the  body 
somewhere.  What  limits  can  we  place  on  the  degree  to  which 
this  construction  is  carried  ?  In  reference  to  this  point  it  is  worthy 
of  notice  that  the  cumposiiinn  of  fat  varies  in  different  animals* 
The  fat  of  a  man  differs  from  the  fat  of  a  dog,  even  if  both  feed 
on  exactly  the  same  food,  fatty  or  otherwise.  Were  the  fat  which 
is  taken  as  food  stored  up  as  adipose  tissue  directly  and  without 
change,  recourse  being  had  to  other  sources  of  food  for  the  con- 
struction of  fat  only  in  cases  where  the  fat  in  the  food  was  deficient, 
wc  should  expect  to  find  that  the  constitution  of  the  fat  of  the 
body  would  vary  greatly  with  the  food.  So  far  from  this  being 
the  case,  Subbotin  '  finds  that  the  fat  of  the  dog  is.  as  far  as  compo- 
sition is  concerned,  almost  entirely  imlcpeniietit  of  the  food^  that 
die  normal  constituents  of  fat  make  llieir  appearance  .^s  usuaJ, 
though  some  of  them  may  wholly  be  absent  in  the  food,  and  that 
abnormal  fats  presented  as  food  are  not  to  be  found  in  the  fat  which 
is  stored  up  in  the  body  as  a  consequence  of  a  large  supply  of  that 
food  ^ 

•  »,/  BM.,  vt.  (1870)  p.  n  H 
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Subbotin,  after  starving  a  dog  till  he  had  reason  to  think  all  fat  had 
disappeared  from  the  body,  fed  it  largely  on  palm-oil  (containii^ 
pulmitin  and  olein  but  no  stearin)  and  the  very  leanest  meat.  The 
composition  of  the  fat  which  was  storcJ  up  during  this  diet  is  shewn 
in  column  2,  the  normal  constitution  of  the  fat  of  a  dog  bcmg  shewn 
in  column  1,  Another  dog,  after  a  similar  removal  of  the  natural  fat 
by  starvation,  was  fed  on  meat  and  a  soap  composed  of  palmitic  and 
stearic  acids.  The  animal  in  this  case  received  no  olein.  Yet  the 
composition  of  his  fat  was  that  given  in  column  3, 


Palm  i  tin 
Stearin 


A. 

4487 
19-23 


Olein  35*90 


3972 
3248 
27-80 


A. 
50-80 

9*00 
4020 


2. 

B. 

53*30 
13^0 
3350 


C. 

S5'36 
13*24 
30-80 


3- 

A.  B. 

52S0    53'6o 

1320     13-40 

34-00    33*00 


A  signifies  the  subcutaneou:;,  t-  (he  mesenteric,  and  C  Che  suptaretial 
adipose  tissue. 

Moreover,  when  a  dog  was  fed,  after  a  preliminary  starvation 
period,  with  i  kgra.  of  spermaceti,  of  which  he  w:is  found  to  absorb  ^t 
least  800  grms<,  nothing  more  than  a  trace  of  the  spermaceti  was  to 
be  found  in  his  fat. 

Of  course  it  is  quite  possible  that  in  such  cases  as  thes<^ 
though  ihe  stearin,  or  the  olein,  when  absent  from  the  food,  was  in 
some  way  or  other  constructed  anew,  yet  at  the  same  time  those 
constituents  which  were  present  were  simply  stored  up ;  but  it  is 
also  open  for  us  to  suppose  That  all  the  fat  taken  as  looil  was  in 
some  way  or  other  disposed  of*  and  that  all  the  new  fat  whicli  made 
its  appearance  was  constiucted  anew.  And  the  latter  vjew  is 
supported  by  the  histological  facts  mcnlioned  above  (p.  437),  as 
well  as  by  other  considerations^  which  we  shall  presently  have  to 
urge.  At  the  present,  however,  we  may  be  content  with  the 
fallowing  conclusions,  t.  Fat  is  formed  anew  in  the  animal  body, 
2.  The  carbon  elements  of  the  newly-formed  fat  may  be  supplied 
either  from  annylaceous  food,  or  from  the  carbon  surplus  ol  protcjd 
food,  or  from  fats  taken  as  food  which  are  not  the  natural  con- 
stituents of  the  body  fat.  3.  The  fat  stored  up  appears  as  fat- 
granules  or  drops  deposited  in  the  protoplasm  of  certain  cells,  and 
the  increase  of  the  fat  in  the  cells  is  accompanied  first  by  a  growth, 
and  subsequendy  by  a  decay  of  the  protoplasm ;  but  there  is  no 
complete  evidence  to  shew  whether  the  fat-granules  which  appear 
are  simply  deposited  by  the  protoplasm  in  a  more  or  less  me- 
chanical manner,  without  their  forming  an  integral  portion  of  it, 
the  chief  stages  of  the  maniilacture  of  the  fat  having  been  gone 
through  elsewhere,  or  whether  tliey  arise  from  a  breaking  up,  a 
functional  mcuboUsm  of  the  protoplasm  of  the  fat-adl  itself. 
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The  question  touched  on  here  is  one  the  solution  of  which  is 
prob.ibly  still  far  distant.  We  know  that  protoplasm  such  as  that  of 
PeniciDium'  can  build  itself  up  out  of  ammonium  tartrate  and 
inorganic  salts,  and  can  by  a  decomposition  of  itself  give  nse  to  fats 
and  other  bodies;  and  we  have  every  reason  to  suppose  that  this 
constnictive  power  belongs  naturally  to  all  native  protoplasm  wherever 
found.  At  the  same  time,  we  see  that  even  in  Penicillium  it  is  of 
advantage  to  offer  to  the  protoplasm  as  foud,  substances  such  as  sugar 
and  proicids  (peptone),  which  arc,  so  10  speak,  already  on  the  way  10 
become  protoplasm ;  the  organism  is  thua  saved  much  constructive 
labour.  And  we  may  imagine  that  a  cell  would  always  take  and 
assimilate  into  itself  already  constructed  fats,  sugar,  proteids,  &c., 
rather  than  have  the  preliminary  trouble  of  building  up  these  sub- 
sunces  out  of  simpler  compounds.  But  when  we  consider  how  id 
every  being,  every  cell  and  every  part  of  a  cell  has  its  own  individual 
characters,  stamped  on  it  by  long  hereditary  action,  we  sec  a  reason 
why  every  bit  of  protoplasm,  especially  in  the  higher  more  differen- 
tiated organisms,  should  be  made  anew.  And  the  energy  required 
for  the  construction  »s  always  at  hand.  The  food,  which,  instead  of 
being  directly  assimilated  without  loss  of  energy,  is  reduced  to  simple 
compounds,  sets  free  an  energy  which  remains  available  for  recon- 
struction. Of  course  in  every  such  decomposition  and  recomposition 
there  will  be  an  irrecoverable  loss  in  the  form  of  heat  which  escapes ; 
but,  as  we  know,  the  whole  of  animal  life  is  arranged  with  a  view  to 
this  continual  loss.  It  is  not  therefore  unreasonable  though  opposed 
to  established  ideas  to  suppose  that  the  animal  protoplasm  is  as  con- 
structive as  the  vegetable  protoplasm,  the  difference  between  the  two 
being  that  the  former,  unlike  the  latter,  is  as  destructive  as  it  is 
constructive,  and  therefore  requires  to  be  continually  fed  with  ready 
constructed  materiaL 


The  Mammary  Gland, 

Since  nrtilk  is  a  secretion,  and  indeed  an  excretion,  the  mam- 
roary  gland  ought  not  to  be  classed  as  a  metabolic  tissue,  in  the 
limited  tneanitig  we  are  now  attaching  to  those  words.  Yet  the 
metabolic  phenomena  giWng  rise  to  the  secretion  of  milk  are 
so  marked  and  distinct,  and  have  so  many  analogies  with  the 
porcly  metabolic  events  in  adipose  tissue,  that  it  will  be  more 
convenient  to  consider  the  matter  here,  rather  than  in  any  other 
connection. 

Human  milk  has  a  specific  gravity  of  from  foaS  to  1*034,  and 
when  quite  fresh  possesses  a  slightly  alkaline  reaction.  It  speedily 
becomes  acid,  and  cow's  milk,  even  when  quite  fresh,  is  some- 
times slightly  acid,  the  change  of  reaction  taking  place  during  the 
ita^ation  of  the  milk  in  the  mammary  ducts. 

■  Huxley  aod  Martin,  Eitmmtary  Bi^ogy^  Lesson  V. 
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The  constituents  of  milk  are: 

1.  Proteids,  viz.  ra^in,  aod  an  albumio,  agreeing  in 
general  ft^tuies  with  ordinary  senim-albumin.  Tbe  casein  may  b 
thrown  down  by  the  careful  addition  of  acedc  acid  ;  but  tbe  m 
complete  precipitation  is  effected  by  &rst  adding  to  the  milk  ; 
slight  quantity  of  acetic  acid,  and  then  passing  through  it  a  stream 
of  carbonic  add.  From  the  filtrate  the  serum-albumin,  which 
present  in  small  and  variable  quantities,  may  be  obtained 
coagtilatioa  with  heat,  or  by  predpttation  with  potassium  I 
rocyanide,  &c. 

2.  Fats.     These  are  palmkin,  stearin,  and  olein. 

There  are  present  also,  to  the  extent  of  about  2  per  cent 
total  fat,  the  glycerides  of  butyric,  capronic,  caprylic,  and  royi 

acids. 

5.     Milk-sugar,  the  conversion  of  which  into  lactic  add 
rise  to  many  of  the  features  of  milk. 

4.     Extractives,  including,  according  to  some  observers,  urt 
and  salts.     The  last  consists  chiefly  of  potassium  phosphate,  wil 
calcium  phosphate,  potassium  chloride,  small  quantities  of  ms 
nesium  phosphate,  and  traces  of  iron. 

The  following  is  the  composition  of  1000  parts  of 


HtuiianMilk. 

Om'.M.lk. 

Casein 

3924 

48-28 

Albumin 



576 

Fat 

2666 

43'os 

Sugar 

43*64 

40*37 

Salts 

'•38 

548 

Total  Solid 

s             110-92 

142-94 

Water 

889  oS 

S5706 

Milk  is  an  emulsion,  the  fats  existing  in  the  form  of  globul 
of  various  but  minute  size,  each  protected  by  a  thin  envelope 
casein  or  albumin.  It  is  this  condition  of  the  fat  which  gives 
milk  ils  peculiar  white  colour.  The  colostrum,  or  secretion 
the  mammary  gland  at  the  beginning  of  lactation,  differs  fro 
milk  in  being  very  deficient  in  casein  and  proportinnately  rich 
albumin.  It  is  said  that  the  milk  at  the  end  of  a  long  lactatic 
again  becomes  poor  in  casein  and  rich  in  albumin.  Milk  < 
standing  turns  sour  and  curdles.  This  is  tlue  to  the  miik-sugi 
becoming  convened  by  a  fermentative  process  into  lactic  ad« 
which  in  turn  precipitates  the  casein.     The  change  may  be  rapid 
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brought  about  by  mesins  of  a  ferment  contained  in  the  gastric 
membrane.     (Sec  p.  253.) 

Milk,  like  the  other  secretions  which  we  have  studied,  is  the 
result  of  the  activity  of  certain  protoplasmic  secreting  cells  forming 
the  epithelium  of  the  mammaiY  gland.  As  far  as  the  fat  of  milk 
is  concerned,  the  processes  takmg  place  in  the  gland  are  very  in- 
structive, since  the  fat  can  be  seen  to  be  gathered  in  the  epithelium- 
cell,  in  the  same  way  as  in  a  fat-ccU  of  the  adipose  tissue,  and  to 
be  discharged  into  the  channels  of  the  gland,  either  by  a  breaking 
up  of  the  cells,  or  by  a  contractile  extrusion  very  similar  to  that 
wliich  takes  place  when  an  amoeba  ejects  its  digested  food.  All  the 
evidence  we  possess  goes  to  prove  that  the  fat  is  formed  in  the 
cell  through  a  metabolism  of  the  protoplasm.  The  microscopic 
history  is  thoroughly  supported  by  other  facts.  Thus  the  quantity 
of  fat  present  in  milk  is  largely  and  directly  increased  by  proteid, 
but  not  increased,  on  the  contrary  diminsihed,  by  fatty  food'.  This 
is  quite  intelligible  when  we  know,  as  will  be  shewn  in  a  succeeiling 
section,  that  proteid  food  increases,  and  fatty  food  diminishes,  the 
metabolism  of  the  body  ;  and  we  have  already  discussed  the 
manner  in  which  proteid  material  may  give  rise  to  fat.  A  bitch 
fed  on  meat  for  a  given  period  gave  off  more  fat  in  her  milk  than 
she  could  possibly  have  taken  in  her  food,  and  that  too  while  she 
was  gaining  in  weight,  so  that  she  could  not  have  supplied  the 
mammary  gland  with  fat  at  the  expense  of  fat  previously  existing 
in  her  body.  In  the  'ripening'  of  cheese  we  have  a  similar 
conversion  of  proteids  into  fat.  We  have  also  evidence  that 
the  casein  is,  like  the  fat,  formed  in  the  glar.d  itself.  When 
milk  is  kept  at  35^*  C.  out  of  the  body  the  casein  is  increased  at  the 
expense  of  the  albumin.  When  the  action  of  the  cell  is  imperfect, 
as  at  the  beginning  or  end  of  lactation,  the  albumin  is  in  excess  of 
th^*  casein  ;  but  as  long  as  the  cell  possesses  its  proper  activity  the 
formation  of  casein  becomes  prominent.  It  has  been  suggested 
Ih  it  the  casein  may  be  formed  by  a  splitting  up  of  albumin  by  some 
fermentative  process,  but  no  such  ferment  has  yet  been  isolated. 
That  the  milk-sugar  also  is  formed  in  and  by  the  protoplasm  of 
tuc  cell,  is  indicated  by  the  fact  that  the  sugar  is  not  dcptrndent  on 
^vbohydrate  food,  and  is  maintained  in  abundance  in  the  milk  of 
camivora  when  these  are  fed  exclusively  on  meat,  as  free  as 
possible  from  any  kind  of  sugar  or  glycogen.  We  thus  have 
evidence  in  the  mammary  gland  of  the  formation,  by  the  direct 
Jtaetabolic  activity  of  the  secreting  cell,  of  the  representatives 
of  the  three  great  classes  of  food  sniffs,  proteids,  fats  and  carbo- 
hydrates^ out  of  the  comprehensive  substance  protoplasm.  ADd 
«  ^ttbbodn  and  Kidutnench,  CM  Med,  Wiu.,  1S66,  p.  ^7« 
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what  we  see  taking  place  in  the  mammary  cell  is  probably  a 
picture  of  what  is  going  on  in  all  protoplasmic  bodies.  If  the  fat 
of  the  milk  were  not  ejected  from  the  mammary  cell,  the  mammary 
gland  would  become  a  mass  of  adipose  tissue,  especially  if,  by  a 
slight  change  in  the  metabolism,  the  production  of  fat  were 
exalted  at  the  expense  of  the  production  of  casein  or  milk-sugar.  If, 
again,  by  a  similar  slight  change  the  milk-sugar  were  accumulated 
rather  than  the  fat  or  proteid,  we  should  have  a  result  which,  by 
an  easy  stop,  would  bring  us  to  glycogenic  tissue.  And,  lastly, 
if  the  proteid  accumulation  were  greater  than  the  fatty,  or  the  sac- 
charine, these  being  carried  off  in  some  way  or  otlier,  we  should 
have  an  image  of  the  nutntion  of  an  ordinary  nitrogenous  tissue. 

That  both  ihe  secretion  and  ejection  of  milk  are  under  the  control 
of  the  nervous  system  is  shewn  by  common  experience,  but  the  tv^j.-t 
nervous  mechanism  has  not  yeL  been  fully  worked  out.  While  er- 
of  the  nipple  ceases  Mhcn  the  spinal  nerves  which  supply  the  br  t 
are  divided,  the  secretion  continues,  and  is  not  arrested  even  when  the 
sympathetic  as  well  as  the  spinal  nerves  are  cut '. 


TA^  Spleen^ 

The  Spleen  may  be  wholly  removed  from  an  animal  without 
any  obvious  changes  in  the  economy  taking  place ;  the  functions 
of  the  rest  of  the  body  appear  to  go  on  unimpaired.  ^Ve  are 
obliged  to  assume  that  some  compensating  actions  uke  place; 
but  what  those  actions  are  we  do  not  know,  and  we  an*  left  at 
present  by  these  experiments  almost  completely  in  the  dark  as  to 
the  functions  of  the  spleen.  The  most  that  has  been  observed  is 
a  slight  increase  in  the  lymphatic  glands,  and  in  the  activity  of 
the  medulla  of  bones. 

Schiff *  maintains  that  after  extirpation  of  the  spleen,  pancreatic 
juice  is  no  longer  able  to  digest  protcids.  He  believes  iliat  the  spleen 
during  its  turgescencc  manufactures  a  substance,  which  bemg  carried 
to  the  pancreas,  gives  rise  by  a  kind  of  ferment  action  of  its  own  to 
the  pancreatic  proteolytic  ferment.  In  the  language  of  Heidenham  s 
results,  the  presence  of  the  spk-nic  product  is  necessary  for  the  con- 
version of  the  zymogen  into  the  pancreatic  proteolytic  fcrmenu 
Herzen  J  further  states  that  in  the  exceptional  cases  where  the  sp!e< 
does  not  become  turgid  during  digestion,  the  pancreatic  juice  is  in« 
towards  proteids.  The  evidence  in  favour  of  this  action  of  the  spleen^ 
is,  at  present,  not  cogent,  and  Mosler*  denies  that  extirpation  of  ihc 

■  Eckhard,  Beitra^e,  i.  and  vtll.  (1877)  p.  117.    Rohrig,  Virchow'»  ^rrArm, 
Utvil.  (1876)  p.  119. 

■  Schxaeiz,  Zt.f.  Ilcilk.  \.  (1862)  p.  209.     See  iilso  Le^om  sur  la  Dtfftiti^. 
*  CAT./  MetL  f^tss.,  1877,  P-  435-         *  Cbt  f.  Med.  Wiss,,  1871,  p.  290, 
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spleen  has  any  influence  whatever  over  either  gastric  or  pancreatic 
digestion. 

After  a  meal  the  spleen  increases  in  size,  reaching  its  maximum 
about  five  hours  after  the  taking  of  food ;  it  remains  swollen  for 
some  time,  and  then  returns  to  its  normal  bulk.  In  certain 
diseases,  such  as  in  the  pyrexia  attendant  on  fevers  or  inflam- 
mations, and  more  especially  in  ague,  a  similar  temporary 
enlargement  takes  place.  In  prolonged  ague  a  permanent 
hypertrophy  of  the  spleen,  the  so-called  ague-cake,  occurs. 

The  turgcscence  of  the  spleen  seems  to  be  due  to  a  relaxation 
both  of  the  small  arteries  and  of  the  muscular  bands  of  the  tra- 
beculje;  to  be,  in  fact,  a  vaso-motor  dilation  accompanied  by 
a  lociil  inhibiiion  of  the  tonic  contraction  of  the  other  plain 
muscular  fibres  entering  into  the  structure  of  the  organ.  And 
the  condition  of  the  spleen,  like  that  of  other  vascular  ,reas, 
appears  to  be  regulated  by  the  central  nervous  system  the 
digesrive  turgescence  being  altogether  comparable  to  the  flushed 
condition  of  the  pancreas  and  the  gastric  membrane  during  their 
phases  of  activity. 

According  to  Tarchanofl"'  section  of  the  splenic  nerves  causes  a 
turgescence  la>tinK  for  some  time,  but  disappearing  in  the  course  of  a 
fe**  days.  Stimulation  of  the  spinal  cord  causes  a  shrinking,  which, 
however,  fails  to  make  its  appearance  if  the  splanchnic  nen'e*  be 
previously  divided.  The  shrinking  or  constriction  may  be  brought 
about  in  a  reHex  manner  by  stimulation  of  the  central  stump  of  the 
sciatic  nerve.  The  eff"ect,  however,  is  in  the  case  of  this  nerve  slight, 
whereas  if  the  central  stump  of  the  \'a^s  be  slimul.itcd,a  vcr>*  marked 
shrinking  is  observed.  Local  stimulation  causes  local  shrinking ;  if 
the  electrodes  of  an  interrupted  current  be  drawn  across  a  turiijid 
spleen,  their  course  is  miirked  by  a  wliite  line  of  constriction  lastmg 
for  some  little  time.  Contraction  of  the  spleen  is  also  caused  by 
quinine  and  strychnia. 

This  functional  intermittent  turgescence,  so  clearly  related  to 
the  ingestion  of  food,  may  be  connected  with  (hat  manufacture  of 
white  corpuscles  and  destruction  of  red  corpuscles  of  the  blood> 
of  whicli  we  spoke  in  an  early  chapter  (p.  3S) ;  but  when  the 
peculiar  itrrangeroents  of  the  blood-vessels  of  the  spleen,  with 
their  large  open  venous  networks,  are  borne  in  mind,  it  seems 
in  the  highest  degree  probable  that  metabolic  events  of  great 
importance  (possibly  associated  in  some  way  with  the  metamor- 
phosis of  the  blood-corf>usclcs)  take  place  in  the  spleen,  though 
at   present  we  are  unable  to  follow  them.      And  this  view  ii 
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supported  by  the  somewhat  peculiar  chemical  characters  of  the 
spleen-pulp,  which,  in  spite  of  its  containing  a  very  large  number 
of  blood-corpuscles,  differs  markedly  in  its  chemical  composition 
from  either  blood  or  serum.  Thus  a  special  proteid  of  the  nature 
of  alkali-albumin  seems  to  be  present,  holding  iron  in  some  way 
peculiarly  associated  with  it.  The  occurrence  of  this  ferruginous 
protfid,  accompanied  as  it  is  by  several  peculiar  but  at  present 
little  understood  pigments,  rich  in  carbon,  bears  out  the  histological 
conclusions  concerning  the  disappearance  of  the  red  corpuscles. 
The  inorganic  salts  of  the  spleen,  or  at  least  those  of  its  ash,  are 
remarkable  for  the  targe  amount  of  both  soda  and  phosphates,  and 
the  scantiness  of  the  potash  and  chlorides  which  they  contain,  thus 
differing  from  blood-corpuscles  on  the  one  hand,  and  fxora  blood- 
serum  on  the  other.  But  perhaps  the  most  striking  feature  of 
the  spleen -pulp  is  its  richness  in  the  so-called  extractives.  Of 
these  the  most  common  and  plentiful  are  succinic^  formic,  acetic, 
butyric  and  lactic  acids  (these  may  arise  in  part  from  the  decom- 
position of  haeraoglobni),  inosit,  leucin,  xanthin,  hypoxanthin  and 
uric  acid.  Tj^-osin  apparently  is  not  present  in  the  perfectly  fresh 
spleen,  though  leucin  is :  both  are  found  when  decomposition  has 
set  in.  The  constant  presence  of  uric  acid  is  remarkable,  especially 
since  it  has  been  found  even  in  the  spleen  of  animals,  such  as  the 
herbivora,  whose  urine  contains  none.  No  less  suggestive  is  the 
fact  that  the  increase  of  uric  acid  in  the  urine  dunng  ague,  and 
during  ordinary  pyrexua,  seems  to  run  parallel  to  the  turgescence, 
and  therefore  presumably  to  the  activity^  of  the  spleen.  But 
these  facts  are  at  present  suggestive  only  ;  they  point  to  an  active 
metabolism  associated  with  digestion  taking  place  m  the  spleen ; 
exact  information  as  to  the  nature  of  the  metabolism  is  however 
wanting.  The  thyroid  and  thymus  bodies,  often  in  descriptions 
associated  with  the  spleen,  though  different  m  structure,  the 
former  absolutely  so,  resemble  the  spleen  somewhat,  as  far  as 
their  extracrives  are  concerned.  The  thymus  contains  leucin, 
xanthin  and  hypoxanthin,  with  lactic  and  succinic  acids ;  uric 
acid  seems  to  be  absent.  The  extractives  of  the  thyroid  are 
scanty,  but  apparently  of  the  same  nature. 


Skc  3.     Tin  HisTOKY  OF  Ur£a  and  its  Aluss. 

We  may  now  return  to  the  questions  which  we  lett  unanswered 
at  p.  419,  Where  is  urea  formed?  what  axe  its  immediate  ante- 
cx:dents  ^  what  are  the  various  chemical  links  between  it  aod  the 
proteid  material  of  which  it  is  the  excretory  representative? 

We  have  seen,  p^  74,  that  the  muscular  tissues  contain  ' 
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together  with  smaller  quantities  of  allied  nitrogenous  crystalline 
bodies,  such  as  xanlhin,  hypoxanthin,  &c  ;  and  we  cannot  go  far 
wrong  in  supposing  that  these  bodies  are  in  some  way  or  other  the 
products  of  muscular  metabolism.  We  do  not  know  in  what 
quantities  they  are  formed ;  but  since  they  are  such  bodies  as 
would  readily  be  carried  away  from  the  muscle  by  the  blood- 
stream, and  yet  are  always  to  be  found  in  the  muscle,  we  infer 
that  they  are  continually  being  formed*  and  as  continually  being 
converted  into  some  other  bodies  and  carried  away.  And  we 
may  further  say,  that  since  kreatin  exists  in  muscle  to  the  extent 
of  *2  or  '4  p.c,  and  since  mu!>cle  fonns  so  large  a  portion  of  the 
whole  body,  it  is  at  least  possible,  if  not  probable,  that  a  con- 
siderable amount  of  kreatin  passes  within  twenty-four  hours  into 
the  blood,  on  its  way  to  become  transformed  by  other  tissues 
into  urea,  or  into  some  stage  nearer  to  urea  than  itsel£ 

The  urine  contains  a  certain  amount  ('9  grm,  in  24  hours)  of 
kreatin,  or  kreatinin,  into  which  kreatin  is  easily  converted  ;  but  neither 
of  these  can  be  considered  as  the  normal  form  in  which  the  kreatin  of 
the  muscles  passes  out  of  the  body.  For  the  urinary  kreatin  is 
c%cecdingly  variable  in  quantity,  vanishes  during  starvation,  and, 
though  not  at  all  increased  by  exercise,  is  largely  augmented  by 
a  flesh-diet  * ;  and  kreatin  injected  into  the  blood,  even  in  small 
quantities,  reappears  unchanged  in  the  urine.  Without  laying  too 
much  stress  on  the  last  fact,  wc  are  led  to  conclude  that  the  kreatin  or 
kreatinin  in  urine  hns  an  origin  quite  independent  of  that  which  is 
present  in  the  muscles,  being  probably  derived  directly  from  the  food. 

Witli  regard  to  the  substances,  such  as  xanrhin,  which  appear  in 
muscle  in  small  quantities  only,  our  information  is  too  imperfect  to 
allow  us  to  make  any  statement  whatever  about  them. 

While  then  we  have  some  reason  for  thinking  that  the  kreatin 
found,  and  presumably  formed,  in  muscle  is  a  more  or  less  distant 
antecedent  of  urea,  it  roust  be  remembered  that  this  is  simply  a 
more  or  less  probable  view,  oot  an  ascertained  or  clearly  proven 
fact 

Of  the  metabolism  of  the  nervous  tissues  we  know  little  ;  but 
kreatin  is  found  in  the  brain,  in  some  cases  in  not  inconsiderable 
quantity.  Now  the  bodies  of  the  nene-cells  are  undoubtedly 
composed  of  protoplasm ;  the  axis-cylinders  of  the  nerve-fibres 
are  also  protoplasmic  in  nature,  and  it  is  at  least  possible  that 
nmch  of  the  peculiar  matrix  of  the  cerebral  and  cerebellar  con- 
volutions, and  of  the  grey  matter  generally,  is  also  in  reality 
protoplasmic.  Hence  we  may,  with  a  certain  amount  of  reason, 
suppose  that  the  nervous,  like  the  muscular  tissues,  are  continuaUy, 

•  V«it,  Zt.  f,  Bi»Ln  tv.  p.  77, 
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but  to  a  much  less  eictent,  supplying  an  antecedent  to  urea  in  the 
form  of  kreatin. 

Lastly,  the  spleen  contains  a  considerable  quantity  of  kreatin, 
as  well  as  of  xanthin,  &o  ;  and  these  are  present  also  in  various 
glandular  organs. 

We  thus  have  evidence  of  a  continual  formation  of  kreatin, 
possibly  in  large  quantities,  in  various  parts  of  the  body.  On  the 
other  hand,  urea  is  certainly  not  present  in  muscle  (save  in  certain 
exceptional  cases)  and  its  presence  in  nervous  tissue  is  extremely 
doubtfuL  It  is  absent  from  the  spleen  (of  the  occurrence  of  urea 
in  the  liver  we  shall  speak  presently)^  the  thymus,  and  thyroid 
bodies,  and  from  the  lymphatic  glands,  though  uric  acid,  as  we 
have  seen,  appears  to  be  a  normal  constituent  of  the  spleen.  It 
seeras  very  tempting  to  jump  at  once  from  these  facts  to  the 
conclusion  that  kreatin  is  the  natural  antecedent  of  urea,  and  that 
as  far  as  nitrogenous  excretion  is  concerned  the  labour  of  the 
kidney  is  confined  to  the  simple  transformation  of  kreatin  into 
urea.  We  have  only  to  suppose  that  the  kreatin  passes  from  thci*e 
several  tissues  into  the  blood,  in  which  it  may  be  found,  and  while 
circulating  in  the  blood  is  seized  upon  by  the  renal  epithelium  and 
convened  into  urea.  And  there  are  some  facts  which  support  this 
view.  But  there  are  others  which  oppose  it ;  and  while  it  cannot 
be  said  to  be  wholly  disproved,  it  cannot  at  present  be  accepted 
as  sufficiently  satisfactory  to  serve  as  a  foundation  for  other 
arguments. 

In  the  first  place,  urea,  in  spite  of  its  absence  from  the  muscles 
and  other  tissues,  is  always  pre^icnt  in  the  blood,  and  has  also  been 
found  in  the  chyle,  in  the  serous  fluids,  and  in  saliva.  It  might  be 
urged  of  course  that  this  urea  is,  so  to  speak^  an  overflow  from  the 
kidney,  that  owing  to  its  great  dlffusibility  it  has  passed  back  from 
the  renal  epithelium  where  it  was  manufactured  into  the  blood -stream. 
When,  however,  we  retlect  how  all  diffusion  is  overborne  by  the 
natural  physiological  currents,  as  shewn  indeed  by  the  absence  of  urea 
from  muscle,  in  spite  of  its  presence  in  the  blood,  this  argument  loses 
all  the  little  force  it  had. 

In  certain  diseases  of  the  kidney,  the  excretion  of  urine  ceases. 
This  suppression  of  urine,  as  it  is  called,  is  followed  by  an  accumulation 
of  urea  in  the  blood  and  all  parts  of  the  body,  and  is  accompanied  by 
symptoms  known  as  those  of  urEcmic  poisoning,  though  the  toxic 
consequences  are  due  not  to  the  presence  in  the  system  of  the  large 
quantity  of  urea,  but  of  other,  at  present  undefined,  substances  which 
have  at  the  same  time  ceased  to  be  excreted,  Oppler  *  and  Zalesky 
stated  that  when  the  kidneys  of  an  animal  were  extirpated,  or  \be 
renal  arteries  ligatured,  though  uraemic  symptoms   set  in  as  u:»ua^ 

•  Virchow's  ArchiVf  xxi.  p.  260, 
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there  was  no  accumulation  of  urea  in  the  blood  or  ttssaes,  and  no 
excess  of  carbonic  acid  or  ammonium  carbonate,  such  as  might  have 
arisen  from  a  rapid  decomposition  of  urea.  There  was  however  a 
marked  accumulation  of  kreutin  or  of  krcatinin.  On  the  other  hand 
thc^e  observers  found  that  when  the  ureters  were  ligatured,  so  that  the 
blood  was  still  brought  under  the  influence  of  the  renal  epithelium, 
and  yet  the  products  of  the  activity  of  that  epiihelium  not  allowed  to 
es<:a|.ie,  an  accumulation  of  urea  (in  birds  of  unc  acid)  and  not  of 
kreatm  was  observed.  These  icsults,  if  indi^puinblc,  would  indeed 
afford  strong  evidence  of  the  conversion  of  kreatin  into  urea  by  the 
agency  of  tne  rtnal  epithelium.  They  have  however  been  much 
disputed.  Thus  Grdhant ',  u^ing  what  was  probably  a  better  method 
for  the  estimation  of  urea  (and  the  detection  of  urea  in  complex 
organic  fluids  is  subject  to  very  considerable  errors^  came  to  the  con- 
clusion thnt  the  urea  in  the  blood,  after  extirpation  of  both  kidneys, 
rofe  from  026  and  from  "088  to  206  and  '276  per  cent,  in  24  and  27 
hours  respectively.  And  Gscheidlen  ■  has  conic  to  a  similar  conclusion. 
The  rcAults  according  to  both  these  latter  ob.servers  are  the  ^ame 
whether  the  kidneys  arc  extirpated  or  the  ureters  tied  ;  in  the  latter 
case  the  distension  of  the  tubules  soon  renders  the  epithelium  cells 
incapable  of  performing  their  functions,  and  thus  an  animal,  in  which 
tJie  ureters  have  been  ligatured,  is  practically  in  the  same  condition  as 
one  from  which  the  kidneys  have  been  removed.  Neither  Grdhant 
nor  Gscheidlen  makes  any  statement  about  an  increase  of  kreatin. 
And  it  may  be  worth  while  to  notice  that  though  the  experiments  of 
these  obfcrvers  prove  that  all  the  urea  of  the  urine  is  certainly  not 
formed  in  the  kidney,  they  do  not  necessarily  oppose  the  view  that 
tomt  of  it  may  be  so  formed  out  of  kreatin  or  some  similar  ante- 
cedent. Nor  is  there  anything  d  priori  to  contradict  the  supposition 
that  the  origin  of  urea  may  he.  double,  part  being  formed  in  one  way 
and  part  in  anotlicr.  Lastly,  the  fact  that  the  urea  injected  into  the 
blood  causes  a  rapid  secretion  of  urine,  may  be  used  as  an  argument 
that  the  habit  of  the  rcnsJ  epithelium  is  to  pick  out,  so  to  f^peak,  the 
urea  from  the  blood  and  to  carry  it  into  the  channels  of  the  renal 
tubules. 

There  is  moreover  another  possible  sotirce  of  urea  besides  the 
kreatin  formed  in  muscle  and  elsewhere.  We  have  seen  that  one 
result  of  the  action  of  the  pancreatic  juice  is  the  formation  of 
considerable  quantities  of  leucin  and  tyrosin.  In  dealing  with  the 
statistics  of  nutrition,  our  attention  will  be  drawn  to  the  fact  that 
the  introduction  of  proteid  matter  into  the  alimentary  canal  is 
followed  by  a  large  and  rapid  excretion  of  urea,  suggestmg  the  idea 
that  a  certain  part  of  the  total  quantity  of  the  urea  normally 
ftecreted  comes  from  a  direct  metabolism  of  the  proieids  of  the 
food,  without  these  really  forming  a  pan  of  the  tisaues  of  the  body. 

Chi.  Med.  H*isj,f  1870,  p.  249. 

Stitdim  A,  d,  Urtprtm^d.  Harmt^u    Leipcig,  1871. 
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We  do  not  know  to  what  extent  normal  pancreatic  digestion  has 
for  its  product  leucin,  and  its  compvinion  tyrosin ;  but  if»  especially 
when  a  nieaJ  rich  in  proteids  has  been  taken,  a  considerable 
quantity  of  leucin  is  formed,  we  can  perceive  an  easy  and  direct 
source  of  urea,  provided  that  the  metabohsm  of  the  body  is 
capable  of  converting  leucin  into  urea.  That  the  body  can  effect 
this  change  is  shewn  by  the  fact  that  leucin,  when  introduced  into 
the  ahmentary  canal  in  even  large  quanaiies»  does  reappear  in  the 
urine  as  urea ;  that  is,  the  urine  contains  no  leudn,  but  ixs  urea  is 
proportionately  increased  ;  and  the  same  is  probably  the  case  with 
lyrosin,  though  this  is  disputed.  Now  the  leucin  formed  in  the 
alimentary  canal  is  probably  carried  by  the  portal  blood  straight  to 
the  liver ;  and  the  liver,  unlike  other  glandular  organs,  docs,  evco 
in  a  perfectly  normal  state  of  things*  contain  urea.  We  are  thus 
led  to  the  view  that  among  the  numerous  metabolic  events  which 
occur  in  the  hepatic  cells,  the  formation  of  urea  out  of  leucin  or 
out  of  other  antecedents  may  be  ranked  as  one.  Probable,  how- 
ever, as  this  view  may  seem,  it  has  not  as  yet  been  established  as 
a  fact. 

Meissner  *  found  a  large  quantity  of  urea  in  the  liver  of  mammals, 
ind  of  urates  in  the  liver  of  birds.  Cyon "  attempted  to  demonstratc_ 
the  formation  of  urea  in  the  liver  by  passing  a  stream  of  frei^h  bU 
through  the  liver  of  an  animal  recently  killed,  and  estimating  the  per-' 
centage  of  uica  in  the  blood  used  before  and  after.  He  found  it  to  be 
increased  from  oS  to  176.  This  however  is  not  conclusive,  for,  as 
Gscheidlen  has  urged  \  the  increased  quantity  in  the  blood  which  had 
been  circulated  might  have  been  simply  urea  which  had  been  washed 
out  from  the  liver,  where  it  had  previously  been  staying.  A  strong 
presumption  in  favour  of  urea  arising  through  the  hepatic  metabolism, 
from  leucin  as  an  antecedent,  is  afforded  by  the  fact  that  in  cases  o^ 
acute  atrophy  of  the  liver,  where  the  hepatic  cells  lose  their  functic 
activity,  the  urea  of  the  urine  is  replaced  by  leucin  and  tyrosin.  Al 
lastly,  it  may  be  remarked  that  not  only  are  leucin  and  tyrosin  foui 
in  nearly  all  the  tissues  after  death,  especially  in  the  glanduUr  tissue%1 
but  they  also  appcir  with  striking  readiness  in  almost  all  dccoinpt 
sitions  of  proteid,  and,  in  the  case  of  the  fonner,  of  gelatiniferous' 
substances. 

The  view  that  leucin  is  transformed  into  urea  lands  us  however  in 
verj'  considerable  difllculiies.  Leucin,  as  we  know,  is  amido-caproic 
acid ;  and,  with  our  present  chemical  knowledge,  we  can  conceive  ol 
no  other  way  in  which  leucin  can  be  converted  into  urea  than  by  the 
complete  reduction  of  tlic  former  to  the  ammonia  condition  (the 
caproic  acid  residue  being  either  elaborated  into  a  fat  or  oxidiied  into 
carbonic  acid)  and  by  a  reconstruction  of  the  latter  out  of  the  am- 
monia so  formed.  We  have  a  somewhat  parallel  case  in  glycin.  This, 
'  Z/./.  rai,  Mtd,,  (3)  XXXI.  144.  ■  CM/  Mtd.  Wist,,  1S70,  p.  580. 

a  Cf.  also  Munk,  Pfliiger**  ArckWt  XI.  {1S75)  p.  loa 
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which  is  amiuo-acetic  acid,  when  introduced  into  the  alimentary  canal, 
also  reappears  as  urea  ;  here  loo»  a  reconstruclion  of  urea  out  of  an 
^^  ammonia  phase  mu>t  take  place*.  And  there  arc  other  1  acts  which 
^K|)oim  in  exactly  the  suite  direction,  viz.  in  a  derivation  of  the  nonnal 
^^Rrea  of  the  urine  from  a  simple  ammonia  antecedent.  O.  SchuUzcn ' 
^VHnds  that  when  an  appropriate  quantity  of  sarcosin  is  given  by  the 
^^siouth,  urea  disappears  from  the  ufine,  being  replaced  by  a  compound 
^^  of  sarcosm  and  carbonic  acid  (in  company  with  a  compound  of  sar- 
cosin with  s^ulphamic  acid).  The  interpretation  of  this  result  is  that 
in  normal  metabolism  the  protetds  are  ultimately  broken  down  to 
carbamic  acid  and  ammonia,  which  uniting  and  bc^otning  sub*c<|ucntl> 
dehydrated,  form  urea  ;  thus  COjN^H^  ammonium  carb*ira,»lc-  HjO« 
CONjHi  urea  ;  but  that  carbamic  acid,  having  a  greater  affinity  for 
sarcosin  than  ammonia,  seizes  the  former  in  preference  when  it  is  at 
hand,  and  consequently  gives  rise  to  Schultzcn's  compound. 

There  arc  however  many  objections  to  Schultzcn's  view  in  respect 
|o  both  the  nature  and  the  mode  of  origin  of  the  compound  described 
by  him  \  More  valid  is  the  argument  which  may  be  drawn  from  the  fact 
that  when  ammonium  chloride  is  given  to  a  dog  a  very  large  portion 
reap(>ears  as  urea,  t.tr.  there  !:»  an  increase  in  the  urea  of  the  urine 
corrc^-ponding  to  a  large  portion  of  the  nitrogen  contained  in  the  am- 
monium chloride  \  But  even  granted  that  the  urea  of  the  urine  may 
be  formed  out  of  ammonia,  there  sttll  remains  the  question^  Is  the 
urea  formed  by  the  union  of  ammonia  Mnih  carbonic  acid  and  subse- 
C|uent  dehydration,  the  whole  of  the  nitrogen  of  the  urea  coining  into 
It  as  ammonia,  or  by  the  union  of  ammonia  with  carbamic  acid  with 
dehydration,  as  advocated  by  Schultien,  or  lastly  by  the  union  of 
ammonia  with  some  cyanogen  body?  Our  information  will  not  at 
present  allow  us  to  decide  this  point,  though  arguments  have  been 
adduced  in  favour  of  the  tatter  view  K 

To  sum  up  our  imperfect  knowledge  concerning  the  history  of 
urea.  We  have  evidence,  not  exactly  complete  but  fairly  satis- 
fictory  that  a  part  at  least  of  the  urea  is  simply  withdrawn  from' 
the  hloofi  by  the  renal  epithelium.  The  activity  of  the  protoplasm 
of  the  secreting  cells  must  therefore,  as  far  as  this  part  of  the  urea 
is  concerned*  be  confined  to  absorbing  the  urea  from  the  renal 
blood,  and  to  passing  it  on  into  the  cavities  of  the  renal  tubules. 
Ihc  mechanism  by  which  this  is  eflfected  we  cannot  at  present 
fathom,  but  it  seems  more  comparable  to  a  selection  of  focld  than 

'  Cf.  ddkowski,  Zi,  /    Fhysiotog.   Cktm.^  I.  (1877)   \,     Sdmkdebcrg, 
Anktvf.  Exp,  Putk.^  VI JI.  (1877)  p.  I. 

•  BfT,  Deut.  CArm.  CtidL,  1872,  p.  578. 
>  Cf/  Hoppe>Seylcr  and  Baumonn,  Btr.  d,  DmiKh.  Chem.  GtttU.t  vii. 

•  Van  Knicricm.  Z/./  Bi^i.,  x,  (1874)  p.  263.     SnJk.wski,  ZL /.  Fhytiol, 
Chem,,  I.  ti&77)  p.  1.     Mutik,  ibid,  II.  (1878)  p.  29.     llallervurtieii,  Arch,/. 

fA  Ftiik,,  X.  (1878)  p,  125. 

'  Cf.  Sfclkowski,  ep.  a/.,  uid  tec  Appendix  jm^  voce  Unett. 
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to  anything  else  ;  the  cells  appear  to  treat  urea  much  in  the  same 
way  as  they  treat  indigo-carmine  (p.  416),  The  antecedents  of 
the  urea  in  the  blood  are,  we  may  at  present  suppose,  partly  the 
kreatin  formed  in  muscle  and  elsewhere,  partly  the  leucin  and 
other  like  bodies  formed  in  the  alimentar>'  canal  as  well  as  in 
various  tissues.  The  transformation  of  these  bodies  into  urea 
may  take  place  in  the  liver  and  possibly  in  the  spleen,  but  we 
have  no  exact  proof  of  this,  nor  can  we  say  exactly  in  what  way 
the  Iran s formation  is  effected.  There  is  no  proof  of  any  body 
existing  in  the  blood  capable  of  effecting  this  transformation  ;  and 
we  may  probably  rest  assured  that  in  this,  as  in  other  metabolic 
events,  the  activity  exercised  in  the  change  conies  from  some 
tissue,  and  cannot  be  manifested  by  simple  blood  plasma. 

Lastly,  it  is  possible  that  the  kidney  may,  besiiles  the  simpler 
duty  of  withdrawing  ready  formed  lu'ea  from  the  blood,  be  exercised 
in  transforming  various  nitrogenous  crystalline  bodies  to  serve  as 
part  of  the  supply  of  urea  wliich  passes  from  it 

Uric  Acid.  This,  like  urea,  is  a  normal  constituent  of  urine, 
and,  like  urea,  has  been  found  in  the  blood,  and  in  the  liver  and 
spleen ;  we  have  already,  p.  446,  referred  to  its  relations  with  this 
latter  organ.  In  some  animals,  such  as  birds  and  most  reptiles,  it 
takes  the  place  of  urea.  In  various  diseases  the  quantity'  in  the 
urine  is  increased  ;  and  at  times,  as  in  gout,  uric  acid  accumulates 
in  the  blood,  and  is  deposited  in  the  tissues.  By  oxidation  a 
molecule  of  uric  acid  can  be  split  up  into  two  molecules  of  urea, 
and  a  molecule  of  mesoxalic  acid.  It  may  therefore  be  spoken  of 
as  a  less  oxidized  product  of  proieid  metabolism  than  urea;  but 
there  is  no  evidence  whatever  to  shew  that  the  fomier  is  a  necessary 
^tecedent  of  the  latter;  on  the  contrary,  all  the  facts  known  go 
to  shew  that  the  appearance  of  uric  acid  is  the  result  of  a  metabol- 
ism slightly  diverging  from  that  leading  to  iu"ea.  And  we  have  no 
evidence  to  prove  that  the  cause  of  the  divergence  lies  in  an 
insufficient  supply  of  oxygen  to  the  organism  at  large ;  on  the 
contrary,  uric  acid  occurs  in  tlie  rapidly  breathing  birds,  as  well 
as  in  the  more  torpid  reptiles.  It  has  been  urged"  that  birds, 
though  breathing  with  great  energy,  yet  consume  oxygen  to  such 
aa  extent  that  in  spite  of  their  income  they  are  always  in  lack  of 
it ;  but  of  this  there  is  no  proof,  while  the  richness  of  their  blood 
in  red  corpuscles  points  in  the  opposite  direction.  Nor  can  the 
fact  that  in  the  frog  urea  again  replaces  uric  add  be  explained  by 

*  It  need  hardly  be  pointed  out  that  an  incremse  in  the  quantily  of  uric  «ck1 
m  the  uritie  must  be  distinguished  from  an  increase  in  {}ic /frvminmcf  of  wnc 
aad  due  to  the  precipitation  of  iti  alkaline  salts. 

•  Odling,  Lectures  im  Ammai  Chemistry^  p.  144. 
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reference  to  that  animal  having  so  large  a  cutaneous  in  addition  to 
its  ptilmnnnry  respiration.  The  final  causes  of  the  divergence  are 
to  be  sought  rather  in  the  fact  that  urea  is  the  form  adapted  to  a 
fluid,  and  uric  acid  to  a  more  solid  excrement 

Hippuric  Acid.  In  the  urine  of  herbivora  uric  add  is  for 
the  most  pan  absent,  being  replaced  by  hippuric  acid.  In  the 
urine  of  omnivorous  man,  both  acids  may  be  present  together. 
The  history  of  the  hippuric  acid  of  urine  is  very  instructive ;  for 
though  at  first  sight  its  presence  might  appear  to  indicate  that  the 
metabolism  of  the  herbivora  is  in  some  points  fundamentally 
different  from  that  of  camivora,  there  can  be  little  doubt  that  the 
hippuric  acid  which  appears  in  the  urine  of  herbivora  comes 
directly  from  the  ingested  food.  Hippuric  acid  is  a  compound 
of,  or  rather  a  result  of  the  union  or  conjugation  of,  benzoic  acid 
ajid  glycin ;  and  when  benzoic  acid  is  introduced  inio  the  stomach 
of  an  animal,  whether  herbivorous  or  not,  it  reappears  not  as 
benzoic  but  as  hippuric  acid.  It  evidently  meets,  somewhere  in 
the  body,  with  glycin  ;  and  uniting  with  this  becomes  hippuric 
acid,  in  which  form  it  passes  out  by  the  urine.  Nitrobcnzoic  acid 
in  a  similar  way  becomes  nitrobippuric  acid ;  and  many  other 
bodies  of  the  aromatic  class,  by  a  like  assumption  of  glycin, 
become  conjugated  in  their  passage  through  the  body. 

The  knowledge  of  the  fact  that  benzoic  acid  is  thus  converted 
into  hippuric  acid  naturally  suggested  the  idea  that  the  food  of 
herbivora  might  contain  either  benzoic  acid,  or  some  allied  body, 
and  that  the  presence  of  hippuric  acid  as  a  normal  constituent  of 
urine  might  be  thus  accounted  for.  And  Meissner  and  Shepard' 
have  shewn  that  all  the  hippuric  add  of  herbivorous  urine  is  in 
reality  due  to  the  presence  in  ordinary  fodder  (hay)  of  a  particular 
constituent  containing  a  benzoic  residue;  when  this  constituent  is 
withdrawn,  the  hippuric  add  disappears  from  the  urine.  They 
regarded  this  substance  as  a  particular  form  of  cellulose ;  but  this 
does  not  seem  certain". 

As  far  as  we  know,  glycin  does  not  exist  performed  or  in  a  free 
state  in  any  tissue  of  the  body,  but  it  makes  its  appearance  during  the 
decomposition  of  proleids  and  of  gelatine,  and  may  be  formed  by 
various  reactions  from  those  bodies ;  and  the  presence  in  the  bile  of 
Klycocholic  acid,  which  results  from  the  union  or  conjugation  of 
glycin  and  choUlic  acid  (see  p.  256),  shews  tha%  in  the  Hvcr  at  all 
events,  compounds  of  glycin  may  be  formed,     Kiihne  and  HaUwachs* 

•  Dit  Hlfpursdurt,  Hwinover,  1866, 

•  Cf  VVciskc.  Zt/r  Bioi,,  Xll.  (1876)  p.  I41. 
s  Virchow's  Anhw,  Xit.  (1857)  386. 
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observed  that  benzoic  acid  when  injected  into  the  portal  vein  suffi- 
ciently slowly  Issued  by  the  urine  as  hippuric  acid^  but  when  injectct] 
into  the  jugular  vein,  especially  with  any  rapidity,  passed  oiii  in  thtf 
urine  as  unchanged  benzoic  acid ;  ibey  also  found  that  benzoic  act«l 
introduced  into  the  stomach,  passed  out  as  benzoic  acid  when  the  liver 
had  been  excised.  Hence  they  concluded  that  the  transformation  of 
benzoic  into  hippuric  acid  took  place  in  the  liver,  the  former  acid 
finding  in  that  organ  the  glycin  necessary  for  the  tran sformn tion, 
Meissner  and  Shepard '  however  maintained  that  the  transformatioi^ 
of  benzoic  into  hippuric  acid  took  place  not  so  much  in  the  liver  as  iQ 
the  kidney;  and  liungc  and  Schmiedeberg'  have  brought  forward 
experimental  evidence  to  the  same  effect 

Of  the  meaning  of  the  appearance  in  the  tissues  of  such  bodies 
as  xanthin,  &c.,  and  of  the  exact  nature  of  the  metabolism  which 
they  undergo,  we  know  nothing.  We  cannot  say  whether  ihey 
are  simply  the  accidental  bye- products  of  nitrogenous  metabol- 
ism, the  result  of  imperfect  chemical  raachinery ;  or  whether 
they,  though  small  in  quantity,  serve  some  special  ends  in  the 
economy. 

Sec.  3.    Thb  Statistics  or  Nittritiok. 

The  preceding  sections  have  shewn  us  how  wholly  impossible 
it  is  at  present  to  ma.<itcr  the  metabolic  phenomena  of  the  body  by 
attempting  to  trace  out  forwards  or  backwards  the  several  change 
undergone  by  the  individual  constituents  of  the  food,  the  body  ot 
the  waste  products.  Another  method  is  however  open  to  us,  th 
statistical  method.  We  may  ascertain  the  total  income  and  th 
total  expenditure  of  the  body  during  a  given  period,  and  by  com- 
paring the  two  may  be  able  to  draw  conclusions  concerning  th 
changes  which  must  have  taken  place  in  the  body  while  th 
income  was  being  converted  into  the  outcome.  Many  researchc 
have  of  late  years  been  carried  out  by  this  method ,  but  valuabl 
as  are  the  results  which  have  been  thereby  gained,  they  must  b< 
received  with  caution,  since  in  this  method  of  inquiry  a  smal 
error  in  the  data  may,  in  the  process  of  calculation  and  inference^ 
lead  to  most  wrong  conclusions.  The  great  use  of  such  inquiries^ 
is  to  suggest  ideas,  but  the  views  to  which  they  give  rise  n&cc 
to  be  verified  in  other  ways  before  they  can  acquire  real  worth. 

Composition  of  the  Animal  Body,  The  first  datum 
we  require  is  a  knowledge  of  the  composition  of  the  body,  a«  (u 
as  the  relative  proportion  of  the  various  tissues  is  concemecL     Iq 


0/>,  cit. 
*  ^Irchiv  /,  Exp.  Pathol.^   Vt.    {1876)  p.  133, 
-  'V,  XJt.  (i879)p.  64- 
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Skeleton 

Muscles 

Thoracic  viscera 

Abdominal  viscera 

Fat 

Skin 

Brain 


New-bom  Imlnr 

(boy) 
177  PC 

22*9    „ 

i»  5   « 

20'0     „ 

15-8   », 


the  human  body,  according  to  E.  Bischoff',  the  chief  tissues  are 
found  in  the  following  proportions  by  weight : 

Ailuk  man 

(need  jj). 
1 59  p.c. 
41-8   „ 

i8-2    „  ) 

6-9   .  / 

I '9   »» 
An  analysis  of  a  cat  gave  Bidder  and  Schmidt*  the  foUowing : 

Muscles  and  tendons  45*0  p.c. 

Bones  147  „ 

Skin  i2'o  ,» 

Mesentery  and  adipose  tissue     38  „ 

Liver  4*8  „ 

Blood  (escaping  at  death)  60  „ 

Other  organs  and  tissues  137  „ 

be  point  of  importance  to  be  noticed  in  these  analyses  is 
It  the  skeletal  muscles  form  nearly  half  the  body ;  and  we  have 
ilready  seen  (p,  40)  that  about  a  quarter  of  the  total  blood  in  the 
body  is  contained  in  them.  We  infer  from  this  that  a  large  part  of 
the  metabolism  of  the  body  is  carried  on  in  the  muscles.  Ncjct 
to  the  muscles  we  must  place  the  liver,  for  though  far  less  in  bulk 
than  them,  it  is  subject  to  a  very  active  metabolism,  as  shewTi  by 
the  fact  that  it  alone  holds  about  a  quarter  of  the  whole  blood. 

The  Starving  Body.  Before  attempting  to  study  the 
influence  of  food,  it  will  be  useful  to  ascertain  what  changes  occur 
in  a  body  when  all  food  is  withheld.  Voit  ^  found  that  a  oil  lost 
in  a  hunger  period  of  13  days  734  grammes  of  solid  material,  of 
which  148-8  were  fat  and  118-2  muscle,  the  remainder  being 
derived  from  the  other  tissues.  The  percentage  of  dry  solid 
matter  lost  by  the  more  important  tissues  during  the  period  was  as 
follows : 

t  Adipose  tissue 

Spleen 
Liver 
Muscles 
Blood 
Brain  and  spinal  cord 


by  Rankc,  Grumdiugr^  p.  i4\ 

i  If./,  Bi^„  II.  (1  §66)  307. 


970 

631 
566 
30-2 
176 
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Thus  the  loss  during  starvatioD  fell  most  heavily  on  the  fat, 
indeed  nearly  the  whole  of  this  disappeared.  Next  to  the  fat,  the 
glandular  organs,  the  tissues  which  we  have  seen  to  be  eminently 
metabolic,  sufl'ered  most.  Then  come  the  muscles,  that  is  to  say, 
the  skeletal  muscles,  for  the  loss  in  the  heart  was  very  trifling ; 
obviously  this  organ,  on  account  of  its  importance  in  canning  on 
the  work  of  the  economy,  was  spared  as  much  as  possible ;  it  was 
in  fact  fed  on  the  rest  of  the  body.  The  same  remark  applies  to 
the  brain  and  spinal  cord  ;  in  order  that  hfe  might  be  prolonged 
as  much  as  possible,  these  important  organs  were  nourished 
by  material  drawn  from  less  noble  organs  and  tissues.  The 
blood  suffered  proportionately  to  the  general  body-waste,  becoming 
gradually  less  in  bulk  but  retaining  the  same  specific  gravity ;  of 
the  total  dry  proteid  consiituenis  of  the  body  I7'3  p-c  was  lost, 
which  agrees  very  closely  with  the  17*6  p,c-  lost  by  the  blood.  It 
is  worthy  of  remark  that  the  tissues  in  general  became  more 
watery  than  in  health. 

We  might  infer  from  these  data  the  conclusions  that  metabolism 
is  most  active  first  in  the  adipose  tissue,  next  in  such  metabolic  tissues 
as  the  hepatic  cells  and  spleen  pulp,  then  in  the  muscles,  and  so  on  j 
but  these  conclusions  must  be  guarded  by  the  reflection  that  because 
the  ioss  of  cardiac  and  nervous  tissue  was  so  small,  we  must  not 
therefore  infer  that  their  rtuiabolisnt  was  feeble  ;  they  may  have  under- 
gone rapid  metabolism,  and  yet  have  been  preserved  from  toss  of 
substance  by  their  drawing  upon  other  tissues  for  their  material 

During  this  star\'ation-period,  the  urine  contained  in  the  form 
of  urea  (for,  as  we  shall  see,  the  other  nitrogenous  constituents  ot 
urine  may  for  the  most  part  be  disregarded)  27  7  grammes  o< 
nitrogen*  Now  the  amount  of  muscle  which  was  lost  during  the 
period  contained  about  15*2  of  nitrogen.  Thus,  more  than  half 
the  nitrogen  of  the  outcome  during  the  starvation-period  must 
have  come  ultimatt^ly  from  the  metabolism  of  muscular  tissue. 
This  is  an  important  fact  of  which  we  shall  be  able  to  make  use 
hereafter.  Bidder  and  Schmidt'  came  to  the  conclusion,  froi 
their  observations  on  a  starving  cat,  that  the  quantity  of  ui 
excreted  per  diem,  in  all  but  the  earlier  days  of  the  inanition 
period,  bore  a  fixed  ratio  to  the  body  weight.  In  the  first  two  or 
three  days  of  the  period,  the  daily  quantity  of  urea  was  much 
greater  than  this.  They  were  thus  led  to  distinguish  two  sources 
of  urea:  a  quantity  arising  from  the  functional  activity  of  the 
whole  body,  and  therefore  bearing  a  fixed  ratio  to  the  body-weight, 
and  continuing  until  near  the  dose  of  life ;  arid  a  quantity  arising 

•  Die  VerdaHHngisa/ti,  1852. 
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from  the  amount  of  surplus  nitrogenous  or  proteid  material  which 
happened  to  be  storeil  up  in  the  body  at  the  commencement  of 
the  period,  and  which  was  rapidly  got  rid  of.  The  lalter  they 
regarded  as  not  cntenng  distmctly  into  the  composition  of  the 
tissues,  but  as,  so  to  speak,  floating  capital,  upon  which  each  or 
any  of  the  tissues  could  draw.  They  spoke  of  its  direct  meta- 
bolism as  a  Itixtis  avisiiniption,  Bischoff  and  Voit*,  however^  by 
means  of  more  extended  observations,  concluded  that  though  the 
urea  of  the  first  two  or  three  days  much  exceeds  that  of  the 
subsequent  days  of  a  starvation  period,  no  such  fixed  relation  of 
urea  to  body-weight  as  that  su^ested  by  Bidder  and  Schmidt 
obtains ;  but  that  the  quantity  which  is  passed  is  directly  de- 
pendent on  the  amount  of  proteid  material  present  in  the  food 
during  the  days  antecedent  to  the  commencement  of  the  starvation- 
period.  This  question  of  a  luxus  consumption  is  one  to  which 
we  shall  frequently  have  to  refer. 


The  Normal  Diet  What  is  the  proper  diet  for  a  given 
animal  under  given  circumstances  can  only  be  determined  when 
the  laws  of  nutrition  are  known.  Meanwhile  it  is  necessary  to 
gain  an  approximate  idea  of  what  may  be  considered  as  the  normal 
diet  for  a  body  such  as  that  of  man  under  ordinary  circumstances. 
This  may  be  settled  either  by  taking  a  very  large  average,  or  by 
determining  exactly  the  conditions  of  a  particular  case.  In  the  t^ble 
below  is  given  both  the  average  result  obtained  by  Moleschott  ■ 
from  a  large   number   of  public   diets,    and   the  diet   on  which 

!Ranke  ^  found  himself  in  good  health,  neither  losing  nor  gaining 
weight 
R. 
M 
; 


Moleschott. 

lUakfl  (w«icbt  74  kilo*). 

Proteids 

30 

100 

Fat 

84 

100 

Amyloids 

404 

340 

Salts 

30 

n 

Water 

3S0D 

260c 

Of  these  two  diets,  which  agree  in  many  respects,  that  of 
Ranke  is  probably  the  better  one,  since  in  public  diets,  from  which 
Moleschott's  table  is  drawn,  the  cheapo  carbohydrates  arc  used 
to  the  exclusion  of  the  dearer  fats. 


*  Dk  Gudu  4/.  EmdArung  dis  MtUckfrtutn^  l86o, 

*  Die  NahrungimitUt^  p.  216. 

*  TOumu^  p.  249 ;  GrtuuUugtt  p.  158. 
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Comparison  of  Income  and  Outcome, 

Method.  We  have  dow  to  inquire  how  the  elements  of  such 
a  diet  are  distributed  in  the  excreta,  in  order  that,  from  the  manner 
of  the  distribution,  wo  may  infer  the  nature  of  the  intermediate 
stages  which  take  place  within  the  body.  By  comparing  the  ingesta 
with  the  excreta,  we  shall  learn  what  elements  have  been  retained 
in  the  body,  and  what  elements  appear  in  the  excreta  which  were 
not  present  in  the  food  ;  from  these  we  may  infer  the  changes 
which  the  body  has  undergone  through  the  influence  of  the  food. 

In  the  first  place,  the  real  income  must  be  distinguished  from 
the  apparent  one  by  the  subtraction  of  the  faeces.  We  have  seen 
that  by  far  the  greater  part  of  the  fieces  is  undigested  matter,  t\e* 
food  which,  though  placed  in  the  alimentary  canal,  has  not  really 
entered  into  the  body.  The  share  in  the  faeces  taken  up  by  matter 
which  has  been  excreted  from  the  blood  by  the  alimentary  canal, 
is  so  small  that  it  may  be  neglected;  certainly  with  regard  to 
nitrogen,  the  whole  quantity  of  this  element,  which  is  present  in 
the  faeces,  may  be  regarded  as  indicating  simply  undigested 
nitrogenous  matter. 

In  comparing  the  income  and  outcome  of  a  given  period  great 
dif^cuhy  is  often  found  to  determining  whether  the  faeces  parsed  in  the 
early  days  of  the  period  belong  to  the  income  of  the  period,  or  are  the 
rem;^ins  of  food  taken  before.  The  difficulty,  however,  is  frequently 
lightened  when  the  diet  of  the  experimental  penod  ditTers  from  the 
foregoing  diet.  Thus  in  the  dog,  the  fa:ces  of  a  bread  diet  may  easily 
be  distinguished  from  those  of  a  meat  diet 

The  income,  thus  corrected,  will  consist  of  so  much  nitrogen, 
carbon,  hydrogen,  oxygen,  sulphur,  phosphorus,  saline  matters, 
and  water,  contained  in  the  proteids,  fats,  carbohydrates,  salts, 
and  water  of  the  food,  together  with  the  oxygen  absorbed  by  the 
lungs,  skin,  and  alimentar)'  canal.  The  outcome  may  be  regarded 
as  consisting  of  (i)  the  respiratory  products  of  the  lungs,  skin, 
and  alimentary  canal,  consisting  chiefly  of  carbonic  acid  and 
water,  with  small  quantities  of  hydrogen  and  carburetled  hydro- 
gen, these  two  latter  coming  exclusively  from  the  alimentary  canal ; 
(2)  of  perspiration,  consisting  chiefly  of  water  and  salts,  for  the 
dubious  excretion  (sec  p.  400)  of  urea  by  the  skin  may  be  neg- 
lecied  and  the  other  organic  constituents  of  sweat  amoimt  to 
ver>'  little .;  and  (jj  of  the  urine,  which  is  assumed  to  contain  all 
the  nitrogen  really  excreted  by  the  body,  besides  a  large  quantity 
of  saline  matters,  and  of  water.  Where  greater  accuracy  is  re- 
quired the  total  nitrogen  of  the  urine  ought  to  be  determined ;  it 
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is  maintained,  however,  that  no  errors  of  seiious  importance  arise 
when  the  urea  alone,  as  determined  by  Liebig*s  method,  is  taken 
as  the  measure  of  the  total  quantity  of  nitrogen  in  the  unne. 

It  has  been  and  indeed  still  is  debated  whether  the  body  may  not 
sufTer  loss  of  nitrogen  by  other  channels  than  by  the  urine,  whethet 
nitrogen  may  not  leave  the  body  by  the  skin  or  indeed  in  a  gaseous  state 
by  the  lungs.  While  Roussing^iuU,  Regnault,  Reisct,  and  Barred 
believed  that  such  was  the  case,  Bidder  and  Schmidt,  RischofT  and 
Voiti  Kanke,  Henneberg  and  others  have  come  to  the  contrary  con- 
clusion that  all  the  nitrogen  uf  the  ingesta  passes  out  as  the  nitrogen 
of  the  urine  and  faeces,  a  view  whizh  derives  iti  strongest  support  from 
the  observations  or  V'oit  on  a  pigeon  \  That  indefatigable  observer 
fed  for  a  considerable  time  a  pigeon  on  a  known  diet  (peas),  the 
nitrogen  of  samples  of  which  was  carefully  determined,  and  during 
the  whole  period  collected  and  determined  the  nitrogen  of  the  faeces 
and  urine.  At  the  end  of  the  period,  the  nitrogen  of  the  latter  was 
found  to  correspond  almost  exactly  to  the  nitrogen  of  the  food,  allow- 
ance being  made  for  a  retention  of  a  small  quantity  of  nitrogen  in  the 
b(>dy  to  supply  a  slight  gain  in  weight  which  was  assumed  to  be 
'flesh.'  Quite  recently  Seegen  and  Nowak'have  revived  the  older 
views  of  the  French  physiologists,  since  they  find  an  actual  increase 
of  nitrogen  (4  to  9  m,  grm.  per  hour  per  kilo  of  body-weight  of 
anmial)  in  the  air  of  a  contincd  chamber  in  which  an  animal  has  been 
kept  for  several  hours,  the  air  bemg  conunually  supplied  with  oxygen, 
and  the  carbonic  acid  and  other  prwiucls  removed.  They  urge  against 
Voil's  experiment  that  peaa  and  other  articles  of  food  vary  so  much  in 
their  nitrogen  that  in  calculating  the  whole  nitrogen  of  the  ingcsta 
during  a  long  time  from  the  dtlermiBed  nitrogen  of  samples  errors 
are  mlroduced  of  such  a  magnitude  as  to  render  the  data  almost 
valueless. 

Of  these  elements  of  the  income  and  outcome,  the  nitrogen, 
the  carbon^  and  the  free  oxygen  of  respiration  arc  by  far  the  most 
important.  Since  water  is*  of  use  to  the  body  for  merely 
mechanical  purposes,  and  not  solely  as  food  in  the  strict  sense  of 
the  word,  the  hydrogen  element  becomes  a  dubious  one;  the 
sulphur  of  the  protcids,  and  the  phosphorus  of  the  fats,  arc  in- 
significant in  amount ;  while  the  saline  matters  stand  on  a  wholly 
different  footing  from  the  other  parts  of  food,  inasmuch  as  they 
are  not  sources  of  energy,  and  pass  through  the  body  with  com- 
paratively little  change.  The  body-weight  must  of  course  be 
caxefully  ascertained  at  the  beginning  and  at  the  end  of  the 
period,  correction  being  made  where  possible  for  the  faeces. 

It  will  be  seen  that  the  labour  of  such  inquiries  is  consider- 
able.    The  unne,  which  must  be  carefully  kept  separate  from  the 
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faeces,  requires  daily  measurement  and  analysis.  Any  loss  by  th 
skin,  either  in  the  form  of  sweat,  or,  in  the  case  of  woolly 
animals^  of  hair,  must  be  estimated  or  accounted  for.  The  food 
of  the  period  must  be  as  far  as  possible  uniform  in  character,  in 
order  that  the  analyses  of  specimens  may  serve  faithfully  U 
calculations  involving  the  whole  quantity  of  food  taken  ;  and  thi 
is  especially  the  case  when  the  diet  is  a  meat  one,  since  portions 
of  meat  differ  so  much  from  each  other.  But  the  greatest 
difficulty  of  all  lies  in  the  estimation  of  the  carbonic  acid  pro- 
duced and  the  oxygen  consumed.  In  the  earlier  researches,  such 
as  those  of  Bischoff  and  Voit,  this  element  was  neglected  and 
the  variations  occurring  were  simply  guessed  at,  through  which 
very  serious  errors  were  introduced.  No  comparison  of  income 
and  outcome  can  be  considered  satisfactory  unless  the  cxirbonic 
acid  produced  be  directly  measured  by  means  of  a  respiration 
chamber.  And  in  order  that  the  comparison  should  be  really 
complete,  the  water  given  off  by  skin  and  lungs  must  be  direct! 
measured  also ;  but  this  seems  to  be  more  difficult  than  t 
determination  of  the  carbonic  acid, 

PettenUofer  and  Vott  •  were  the  first  to  make  use  on  a  large  scale 
this  means  of  inquiry.    Their  apparatus  consists  essentially  of  a  lar^ 
air-light  chamber,  capable  of  holding  a  man  comfortably.     By  mcai 
of  a  steam-engine  a  current  of  pure  air,  measured  by  a  gasometer, 
drawn  through  the  chamber.     Measured  portions  of  the  outgoing  ai 
are  trom  lime  10  time  withdniw^n  and  analysed  ;  and  from  the  ds 
afforded  by  these  analyses,  the  amount  of  carbonic  acid  (and  other' 
gases)  and  water  given  off  by  the  occupant  of  the  chamber  during  a 
given  time  is  determined.     The  apparatus  works  so  well  th^t  Petten- 
kofer  and  Voit  were  able  almost  exactly  to  recover  the  carbonic  atui 
produced  by  the  burning  of  a  stearin  candle  in  die  chamber,  the  error 
not  amounting  to  more  than  3  per  cent  ;  the  recovery  of  the  wat<  ^ 
was  less  satisfactory,  the  discrepancies  being  very  considerable. 

If  the  total  amount  of  carbonic  acid  and  water  given  out 
the  lungs  and  skin  be  known,  as  well  as  the  amount  of  urine  an< 
fccces,  then  the  quantity  of  oxygen  can  be  determined  by  a  simple 
calculation.     For  evidently  the  difference  between  the   tennio4 
weight  plus  all  the  egesta  and  the  initial  weight  plus  all  the  ing< 
can  be  nothing  else  than  the  weight  of  the  ox}'gen   absort 
during  the  period. 

Let  us  imagine,  then,  an  experiment  of  this  kiml  to  have  b« 
completely  carried   out,    that   the  animal's  initial  and  termin 
weights  have  been  accurately  determined,  the  com[)osition  of  il 
food   satisfactorily  known   to   consist  of  so  much   protcid,    U 
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carbohydrates,  salts,  and  water,  and  to  contain  so  much  nitrogen 
and  carbon,  the  weight  of  the  fseces  and  the  nitrogen  they  contain 
ascertained,  the  nitrogen  of  the  urine  determined,  the  carbonic 
acid  and  water  given  off  by  the  whole  body  carefully  measured, 
and  the  amount  of  oxygen  absorbed  calculated — what  interpreta- 
tion can  be  placed  on  the  results  ? 

Let  us  suppose  that  the  animal  has  gained  w  in  weight  during 
the  period.  Of  what  does  w  consist?  Is  it  fat  or  prolcid 
mat^ial  which  has  been  laid  on,  or  simply  water  which  has  been 
retained,  or  some  of  one  and  of  the  other?  Lt^t  us  furiher 
suppose  that  the  nitrogen  of  ihe  urine  passed  during  the  period 
is  less,  say  by  x  grammes,  than  the  nitrogen  in  the  food  taken,  of 
course  after  deduction  of  the  nitrogen  in  the  fseces.  This  means 
that  X  grammes  of  nitrogen  have  been  retained  in  the  body ;  and 
we  may  with  reason  infer  that  they  have  been  retained  in  the  form 
gf  proteid  material.  We  may  even  go  farther  and  say  that  they 
are  retained  in  the  form  of  flesh,  i.e.  of  muscle.  In  this  inference 
we  are  going  somewhat  beyond  our  tether,  for  the  nitrogen  might 
be  stored  up  as  hepatic,  or  splenic,  or  any  other  form  of  proto- 
plasm. Indeed  it  might  be  for  the  while  retained  in  the  form  of 
some  nitrogenous  crystalline  body  j  but  this  last  event  is  unlikely; 
and  if  we  use  the  word  '  flesh '  to  mean  protoplasm  of  any  kind, 
contractile  or  metabolic,  or  of  any  other  kind,  we  may  without 
fear  of  any  great  error  reckon  the  deficiency  of  x  grammes 
nitrogen  as  indicating  the  storing  up  of  a  grammes  flesh.  There 
stilt  remain  w —a  grammes  of  increase  to  be  accounted  for. 
Let  us  suppose  that  the  total  carbon  of  the  egesta  has"  been  found 
to  be  J'  grammes  less  than  that  of  the  ingesta ;  in  other  words, 
that  y  grammes  of  carbon  have  been  stored  up.  Some  carbon  has 
been  stored  up  in  the  flesh  with  the  nitrogen  just  considered ; 
this  we  must  deduct  from  y^  and  we  shall  then  have  f  grammes 
of  carbon  to  account  for.  Now  there  are  only  two  [jrincipal 
forms  in  which  carbon  can  be  stored  up  in  the  body :  as  glycogen 
or  as  fat.  The  former  is  even  in  most  favourable  cases  incon- 
siderablet  and  we  therefore  cannot  err  greatly  if  we  consider  the 
retention  of  y  grammes  carbon  as  indicating  the  laying  on  of  b 
grammes  fat.  U  a-^if  are  found  equal  to  w,  then  the  whole 
cliange  in  the  economy  is  known;  if  w-{a-^^)  leaves  a  residue 
Ct  we  infer  that  in  addition  to  the  laying  on  of  flesh  and  fat  some 
water  has  been  retained  in  the  system,  U  w—{a-\'lf)  gives  a 
negative  quantity,  then  water  must  have  been  given  off  at  the 
same  time  that  flesh  and  fat  were  laid  on.  In  a  similar  way  the 
nature  of  a  loss  of  weight  can  be  ascertained,  whether  of  flesh, 
or  faty  or  of  water,  and  to  what  extent  of  each.     The  careful 
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comparison,  the  debtor  and  creditor  account  of  income  and  out- 
come, enables  us,  with  the  cautions  rendered  necessary  by  the 
assumptions  just  now  mentioned^  to  infer  the  nature  and  extent 
of  the  bodily  changes.  The  results  thus  gained  ought  of  course, 
if  an  account  is  kept  of  the  water,  to  agree  with  the  amount  of 
oxygen  consumed,  and  also  to  tally  with  the  conclusions  arrived 
at  concerning  the  retention  or  the  reverse  of  water. 

Pettenkofer  and  Voit  did  succeed  in  drawing  up  a  complete]/ 
accumtc  balance  sheet,  the  discrepancy  being  exceedingly  small ;  but  it 
has  been  jusdy  urged  that,  in  face  of  the  possible  sources  of  error,  so 
complete  an  accura.y  is  in  itself  suspicious. 

Having  thus  studied  the  method  and  seen  its  weakness  as  well 
as  its  strength,  we  may  briefly  review  the  results  which  have  been 
obtained  by  its  means. 

Nitrogenous  Metabolism.  When  a  diet  of  lean  meat,  as 
free  as  possible  from  fat,  is  given  to  a  dog,  which  has  previously 
been  deprived  of  food  for  some  time,  and  whose  body  therefore  is 
greatly  deficient  in  flesh,  it  might  be  expected  that  the  great  mass 
of  food  would  be  at  once  stored  up,  and  only  a  small  quantity  be 
immediately  worked  off  as  an  additional  quantity  of  urea, 
occasioned  by  the  increased  labour  thrown  on  the  economy  by  the 
very  presence  of  the  food.  This  however  is  not  the  case  ;  the 
larger  portion  passes  off  as  urea  at  once,  and  only  a  comparatively 
small  quantity  is  retained*  If  the  diet  be  continued,  and  we  are 
supposing  the  meals  given  to  be  ample  ones,  the  proportion  of 
the  nitrogen  which  is  given  off  in  the  form  of  urea  goes  on 
increasing  until  at  last  a  condition  is  established  in  which  the 
nitrogen  of  the  egesta  exactly  equals  that  of  the  ingesta.  This 
condition,  which  is  spoken  of  as  nitrogenous  equilibrium,  is 
attained  in  dogs  with  an  exclusively  meat  diet  only  when  large 
quantities  of  food  arc  given,  and  is  not  easily  maintained  for  any 
length  of  time.  The  exact  quanrity  of  meat  required  to  attain 
nitrogenous  equilibrium  varies  with  the  previous  condition  of  the 
dog  J  it  is  frequently  seen  when  1500  or  1800  grms.  of  meat  art 
given  daily.  Thus  the  most  striking  effect  of  a  purely  nitrogei 
diet  is  largely  to  increase  the  nitrogenous  metabolism  of  the 
This  result  has  been  explained  by  supiH.>sing  that  with  the  meat 
diet  the  consumption  of  oxygen  is  largely  increased  ;  in  other 
words,  that  the  oxidizing  activity  of  the  body  is  directly  aug- 
mented by  a  meat  diet.  This  in  turn  may  be  due  in  part  to  the 
fact  that  proteid  food  largely  increases  the  number  of  the  red 
corpuscles,  and  so  augments  the  amount  of  ox>'gen  with  which 
the  tissues  arc  supplied ;  but  as  we  have  already  urged  more  tha« 
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once  the  oxidative  activity  of  the  tissues  is  determined  by  the 
tissues  themselves  rather  than  by  the  mere  abundance  of  oxygen 
at  their  disposal ;  and  probably  other  agencies  arc  at  work. 

When  nitrogenous  equilibrium  is  established,  it  does  not  mean 
that  a  body  equilibrium  is  established,  that  the  body  weight 
neither  increases  nor  diminishes.  On  the  contrary,  when  the 
meal  necessary  to  balance  the  nitrogen  is  a  large  one,  the  body 
may  gain  m  weight,  and  the  increase  is  proved,  both  by  calculation 
from  the  income  and  outcome,  and  by  actual  examination  of  the 
body,  to  be  due  to  the  laying  on  of  fat.  The  amount  so  stored 
up  may  be  far  greater  than  can  possibly  be  accounted  for  by  any 
hi  still  adhering  to  the  meat  given  as  food.  We  are  therefore 
driven  to  the  conclusion  that  the  proteid  food  is  split  into 
a  urea  moiety  and  a  fatty  nioicty,  that  the  urea  moiety  is 
at  once  discharged,  and  that  such  of  the  fat  as  is  not  made  use  of 
dirccdy  by  the  body  Is  stored  up  as  adipose  tissue.  And  this  dis- 
ruption of  the  proteid  food  at  the  same  time  explains  why  the 
meat  diet  so  largely  and  immediately  increases  the  urea  of  the 
egesta.  VVe  have  already  pointed  out  that  [KJssibly  this  disruptive 
metabolism  of  protdds  is  largely  carried  on  in  the  alimentary 
canal  itself  by  the  aid  of  the  pancreatic  juice  ;  whcdier  or  to  what 
extent  other  organs  share  in  the  action  wc  do  not  at  present 
know. 

Voit  and  others  with  him  speak  in  the  most  decided  way  of  the 
proteids  of  the  body  as  existing  in  two  forms  :  organ  or  tissue  proteid 
and  circulating  or  blood  proteid.  They  regard  the  former  as  entering 
into  the  formaiion  of  the  tissues  and  undergoing  functional  meta- 
bolism, the  biter  as  simply  tarrying  in  the  blood  and  undergoing  a 
direct  oxidative  metabolism.  It  is  of  course  the  latter  alone  which 
suffers  itc  laxus  consumption.  To  these  two  Voit  has  t)een  led  to  add 
a  third,  or  mtcrmcdiate  proteid*  viz.  store  or  surplus  protei  1,  which  ts 
more  labile  than  tissue  proteid  and  >cl  more  stable  than  the  circulating 
proteid.  We  have  again  and  again  insisted  in  the  course  of  this  work 
that  the  oxidations  of  the  body  take  place  not  in  the  blood  but  in  the 
tissues  ;  and  are  consequently  prcf>ancd  to  reject  Voit's  conclusions 
unless ryidc nee  of  a  stricdy  i>i>j///x'r  character  can  be  offered  in  their 
fiVour^No  such  evidence  however  is  forthcoming';  the  most  that 
can  be  said  in  favolir  of  them  is  that  they  afford  an  easy  explanation 
of  the  phenomena  of  proteid  metabolism  ;  on  the  other  hand,  if  we 
admit  a  large  liuus  consumption  in  the  alimentary  canal,  the  remaining 
phenomena  can  be  explained  without  throwing  on  the  tissues  what 
may  appear  loo  heavy  a  metabolic  tasL.  And  in  speaking;  of  the 
mecabohsm  of  any  tissue  it  must  be  remembered  that  the  metabolic 
changes  need  not  necessarily  involve  the  so-atllcd  structural  clc- 
•neots.  A  fat-cell  may  probably  accumulate  in  and  discharge  from  its 
•  Cf  Uoppc-Seylo',  Miigcfi  ArtAiV,  vii,  (1873)  39^ 
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protoplasm  a  considerable  quantity  of  fat  without  the  morphologica] 
relations  of  the  cell  undergoing  any  marked  change  ;  and  we  can 
readily  imagine  that  a  tissue  may  suffer  partial  disintegration  and  re- 
integration without  any  interference  with  its  morphoIOp;ical  framework. 
Our  knowledge  however  of  this  matter  is  very  imperfect;  we  know 
that  when  a  muscle  contracts  it  loses  some  of  its  substance,  but  we 
do  not  at  all  know  which  parts  of  the  fibre  bear  the  loss.  Bearing 
this  in  mind,  there  is  nothing  absolutely  to  forbid  the  idea  that  certain 
tissues  (possibly  the  liver)  may  serve,  within  hmits,  as  storehouses  of 
proteid  material  in  the  same  way  that  adipose  tissue  serves  as  a  store- 
nouse  of  fatty  and  the  liver  of  starchy  material,  in  this  sense  V^olt's 
surplus  proteid  might  be  accepted  even  when  his  circulating  proteid  is 
rejected. 

The  characteristic  metabolic  effects  of  proteid  food  are  shewn 
not  only  by  these  calculations  of  what  is  supposed  to  take  place 
in  the  body,  but  also  by  direct  analysis.  Lawes  and  Gilbert* 
laboriously  analysing  the  body  of  a  pig,  which  had  been  fed  on  a 
known  diet,  and  comparing  the  analysis  with  that  of  another  pig 
of  the  same  litter,  killed  at  the  lime  when  the  first  was  put  on  Uie 
fixed  diet,  found  that  of  the  dry  nitrogenous  material  of  the  food 
only  7 '34  p.  c.  was  laid  up  as  dry  proteid  material  during  the 
fattening  period,  though  the  amount  of  proteid  food  was  lowj  in 
the  sheep  the  increase  was  only  4-i4  p.c 

The  Effects  of  Fatty  and   of  Carbohydrate   Food. 

Unlike  those  of  proteid  food,  the  effects  of  fats  and  carbohydrates 
cannot  be  studied  alone.  When  an  animal  is  fed  simply  on  non- 
nitrogenous  food,  death  soon  takes  place  ;  the  food  rapidly  ceases 
to  be  digested,  and  starvation  ensues.  We  can  therefore  only 
study  the  dietetic  effects  of  these  substances  when  taken  in 
connection  with  proteid  material 

When  a  small  quantity  of  fat  is  taken,  in  company  with  a  fixed 
moderate  quantity  of  proteid  material,  the  whole  of  the  carbon 
of  the  food  reappears  in  the  egesta.  No  fat  is  stored  up,  some 
even  of  the  previously  existing  fat  of  the  body  may  l^e  consumed. 
As  the  fat  of  the  meal  is  increased,  a  point  is  soon  reached  at 
which  carbon  is  retained  in  the  body  as  faL  So  also  with  starch* 
or  sugar.  When  the  quantity  of  this  is  small,  there  is  no  retention 
of  carbon  ;  as  soon  however  as  it  is  increased  beyond  a  certain 
limit,  carbon  is  stored  up  in  the  form  of  fat,  or,  to  a  smaller 
extent,  as  glycogen.  Fats  and  carbohydrates  therefore  diflFcr 
essentially  from  proteid  food  in  that  they  are  not  distinctly  provo- 
cative of  metabolism.  This  is  exceedingly  well  shewn  in  the 
results  of  Lawes  and  Gilbert,  for  in  the  pig  preWously  mentioned 

*  /%i/.  Tram,,  1859*  Pirt  2. 


NUTRITION. 


472  parts  of  fat  were  stored  up  for  every  100  parts  of  fat  in  the 
food*  and  of  the  total  dry  non-nitrogenous  food  21-2  p*  c.  was 

stained  in  the  body  as  fat.  No  clearer  proof  than  this  could  be 
forded  that  fat  is  formed  in  the  body  out  of  something  which  is 

lot  fat. 

Pettcnkofer  and  Voit '  came  to  the  conclusion  thnt,  marked  as  was 
the  difference  between  proteid  and  non-nitraKcnous  food  as  regards 
the  increase  of  metabolism,  fat  did  nevertheless  to  a  certain  extent 
behave  hkc  protcids  ;  when  an  excess  of  fat  was  given  the  consumption 
of  carbon  in  the  body  was  increased,  so  that  only  a  portion  (though  a 
large  portion)  of  the  excess  of  fat  in  the  food  was  stored  up. 

As  one  might  imagine,  the  presence  of  fat  or  carbohydrates  in 
the  food  was  found  to  check  proteid  metabohsm ;  nitrogenous 
equilibrium  was  established  with  a  much  less  expenditure  of  pro- 
teid food.  For  instance,  wnth  a  diet  of  800  grras,  meat  and  150 
gnns.  fat,  the  nitrogen  in  the  egesta  became  equal  to  that  in  the 
ingesta  in  a  dog,  in  whose  case  1800  grms.  meat  would  have  to  be 
given  to  produce  the  same  result  in  the  absence  of  fats  or 
carbohydrates. 

On  the  other  hand,  it  was  found,  that  with  a  fixed  quantity  ol 
fatty  or  carbohydrate  food,  an  increase  of  the  accompanying  pro- 
teid led  not  to  a  storing  up  of  the  surplus  carbon  contained  in  the 
extra  quantity  of  proteid^  but  to  an  increase  in  the  consumption 
of  carbon.  Proteid  food  increases  not  only  proteid  but  also  non- 
nitrogenous  metalK)lism.  I'his  explains  how  an  excess  of  proteid 
food  may,  by  the  increase  of  metabolism,  actually  reduce  the  fat  of 
the  body,  as  is  exemplified  in  the  dietetic  system  known  as  that  of 
Mr.  Banting. 

There  can  be  no  doubt  then  that  both  a  proteid  diet  and  a 
carbohydrate  diet  may  give  rise  to  the  formation  of  fat  within  the 
body.  And  the  question  which  we  have  already  fp.  440)  partly 
discussed  comes  ag.un  before  us,  In  what  way  is  this  fat  so 
?  Is  the  sugar,  arising  during  digestion  fron)  the  carbohy- 
oonveited  by  a  series  of  fermentative  changes  into  fat?  or 
e  sugar  direcdy  consumed  by  the  tissues  in  oxidative  changes, 
by  which  means  the  fatty  derivatives  of  the  metaboLzed  proteids 
are  sheltered  from  oxidation  and  store<l  up  as  fat  ?  What  light 
does  the  statistical  method  throw  on  this  vexed  question?  VVeiskc 
and  Wildt*  have  attempted  to  settle  it.  They  took  two  young 
pigs  of  the  same  litter ;  one  they  killed  and  analysed  as  a  standard 
of  comparison.  The  other  they  fed  for  six  months  on  known  food 
(chie^y  potatoes)  and  then  killed  and  analysed  it.     Supposing 
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that  the  fattened  pig  had  to  start  with  the  same  a>mpodt]oa  as 
the  other,  they  calculated  that  it  had  stored  up  5*5  kilos  of  £u 
During  the  six  months  it  had  consumed  14'^  kilos  of  proteid 
material^  of  which  it  had  stored  op  1*3  kilos  and  metabolized 
13  kilos.  On  the  supposition  that  the  nietatx>lism  of  this  13  kilos 
oonsisied  in  its  bemg  split  up  into  a  urea  and  a  fatty  moiety,  about 
6  kDos  of  lat  would  thus  have  been  produced.  In  other  words, 
more  than  the  fat  actually  stored  up  mi^k/  have  come  from  the 
proteid  of  the  food.  This  of  course  does  not  pfrove  that  this  was 
its  actual  source;  and  on  the  other  hand  Lawes  and  Gilbert' 
found  that  in  the  case  of  two  pigs  fed  ad  liintvm  on  Indian  com 
and  barley- meal  respectively,  as  much  as  40  per  cent  of  the  iat 
produced  and  stored  up  in  the  body  could  not  have  come  fj 
the  metabolized  proteids  of  the  food.  In  spite  of  the  analogy 
mammary  metabolism  (see  p.  444),  we  may  conclude  that  soi 
fat  may  come  direct  from  carbohydjrate  food. 

Lawes  and  Gilbert  urge  very  justly  that  Weiske  and  Wildt,  in  the 
experiment  just  quoted,  did  not  use  a  sufficiently  fattening  diet,  and  in 
another  experiment  used  too  much  nitrogen.  They  state  thai  if  a  pig 
were  fed  on  a  rich  harley-meal  diet  so  that  it  doubled  its  weight  in 
about  ei^ht  or  ten  weeks,  the  amount  of  proteid  metabolized,  in  spite 
of  the  diet  being  richer  in  proteid  material  than  are  potatoes,  would 
probably  be  insufficient  to  account  for  the  fat  stored  up.  This  question 
IS  from  a  dietetic  point  of  view  ooc  of  extreme  importance  ;  for  if  all 
stored  fat  does  come  from  proteid  food,  then  all  fattening  food  must 
conuin  a  due  proportion  of  it. 

We  have  at  present  no  exact  information  concerning  the  nutri- 
tive differences  between  fats  and  carbohydrates,  beyond  the  fact 
that  in  the  final  combustion  of  the  two,  while  carbohydrates  re- 
quire sufficient  oxygen  only  to  combine  with  their  carbon,  there 
being  already  suffiaent  oxygen  in  the  carbohydrate  itself  to  form 
water  with  the  hydrogen  present,  fats  require  in  addition  oxygen 
to  burn  off  some  of  their  hydrogen.  Hence  in  herblvora  a 
larger  portion  of  tJie  oxygen  consumed  reappears  in  the  carbonic 
acid  of  the  egesta,  than  m  carmvora,  where  more  of  it  leaves  the 
body  as  formed  water  i  tlie  proportions  of  the  oxygen  in  the 
bonic  acid  expired  to  the  oxygen  consumed  being  on  an  avei 
90  p-  c.  m  the  former  and  60  p.  c.  in  the  latter.  When  a  herbi-" 
vorous  animal  starves,  it  feeds  on  its  own  fat,  and  under  these 
circumstances  the  oxygen  proportion  in  the  expired  carbonic  acid 
falls  to  the  carnivorous  standard.  The  carbohydrates  are  notably 
more  digestible  than  the  fats,  but  on  the  other  hand  the   (als 

*  *'  Sources  of  Fat  of  Animal  Body."  P/tU,  Ma^.  Dec  1S66*  See  ib» 
ytmrm,  AmU,  and  Phyi.  xi.  (1S77)  p.  577. 
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contain  more  potential  energy  in  a  given  weight.  As  to  the  die- 
tetic or  rather  metabolic  difference  between  starch  and  sugar,  we 
know  nothing  very  definite.  Lawes  and  Gilbert  *  found  that  cane- 
sngiar  was  rather  more  fattening  than  starch. 


i  The  Effects  of  Gelatine  Pood  It  is  a  matter  of  common 
experience  that  gelatine  will  not  supply  the  place  of  proieids  as  a 
constituent  of  food.  Animals  fed  on  gelatine  with  fat  or  carbo- 
hydrates die  very  much  in  the  same  way  as  when  they  are  fed  on 
non-nitrogenous  material  alone*  Nevertheless  the  researches  of 
Voit»  shew,  as  might  be  expected,  that  the  presence  of  gelatine  in 
food  is  not  without  effect.  According  to  h«n  nitrogenous  equili- 
brium is  established  at  a  lower  level  of  proteid  food  when  gelatine 
is  added.     Thus  the  nitrogen  of  the  ingesta  and  egesta  became 

jqual  in  a  dog  on  a  ration  of  400  grms.  proteid  and  200  grms* 
'gelatine.  A  dog  moreover  uses  up  less  of  the  nitrogen  of  the 
body  on  a  diet  of  gelatine  and  fat,  than  on  a  diet  of  fat  alone ; 
and  the  consumption  of  fat  also  seems  to  be  lessened  by  the 
presence  of  gelatine.  All  these  facts  become  intelligible  if  wc 
^suppose  that  gelatine  is  rapidly  spht  up  into  a  urea  and  a  fat 

joiety,  in  the  same  way  that  we  have  seen  a  certain  quantity  of 
proteid  material  to  be.  It  is  this  direct  metabolism  of  proteid 
matter  which  gelatine  can  take  up ;  it  seems  however  unable  to 
imitate  the  other  function  of  proteid  matter,  and  to  take  part  in 
the  formation  of  living  protoplasm.  What  is  the  cause  of  this 
difference,  we  cannot  at  present  say. 

The  Effects  of  Salts  as  Food,  All  food  contains, besides 
the  potential  substances  which  we  have  just  studied,  certain  saline 
matters  organic  and  inorganic,  having  in  themselves  little  or  no 
latent  energy,  but  yet  either  absolutely  necessary  or  highly  bene- 
ficial to  the  body.  These  must  have  important  functions  in 
directing  the  metabolism  of  the  body  :  the  striking  distribution  of 
tliem  in  the  tissues,  the  preponderance  of  sodium  and  chlorides  in 
blood  serum  and  of  potassium  and  phosphates  in  the  red  corpuscles 
for  instance,  must  have  some  meaning  ;  but  at  present  we  are  in 
the  dark  concerning  it  The  element  phosphorus  seems  no  less 
important  from  a  biological  point  of  view  than  carbon  or  nitrogen. 
It  is  as  absolutely  essenrial  for  the  growth  of  a  lowly  being  like 
Pcnicitlium  a$  for  man  himself.  We  tind  it  probably  playing  an 
important  part  as  the  conspicuous  constituent  of  lecithin,  we  find 
it  peculiarly  a&sociated  with  the  proteidjs,  apparently  in  the  form  of 
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phosphates ;  but  we  cannot  explain  its  rA5?.  The  element  sulphur, 
agaiDf  is  only  second  to  phosphorus,  and  we  find  it  as  a  constituent 
of  nearly  all  proteids ;  but  we  cannot  tell  what  exactly  would 
happen  to  the  economy  if  all  the  sulphur  of  the  food  were  with- 
drawn. We  know  that  the  various  saline  matters  are  essential  to 
health,  that  when  they  are  not  present  in  proper  proportions, 
nutrition  is  affected  as  is  shewn  by  certain  forms  of  scurvy  ;  we 
are  aware  of  the  peculiar  dependence  of  proteid  qualities  on  the 
presence  of  salts ;  but  beyond  this  we  know  very  little. 


Sec  4.     The  Energy  of  the  Body. 

Broadly  speaking,  the  animal  body  is  a  machine  for  converting 
potential  into  actual  energy.  The  potential  energy  is  supplied  by 
food ;  this  the  metabolism  of  the  body  converts  into  the  actual 
energy  of  heat  and  mechanical  labour.  We  have  in  the  present 
section  to  study  what  is  known  of  the  laws  of  this  conversion,  and 
of  the  distribution  of  the  energy  set  free. 


TAe  Income  of  Energy. 

Neglecting  all  subsidiary  and  unimportant  sources  of  energy, 
we  may  say  that  the  income  of  animal  energy  consists  in  the  oxida- 
tion of  food  mto  its  waste  products,  viz.  the  oxidation  of  proteids 
into  urea  and  carbonic  acid,  of  fats  into  carbonic  acid  aijd  water, 
and  of  carbohydrates  into  carbonic  acid.  Taking  as  our  guide 
the  principle  laid  down  by  the  chemist,  that  the  potentbl  energy 
of  any  body,  considered  in  relation  to  any  chemical  change  in  it^ 
is  the  same  when  tlie  final  result  is  the  same,  whether  that  result 
be  gained  at  one  leap  or  by  a  series  of  steps — tliat,  for  instance, 
the  energy  set  free  by  the  oxidation  of  i  grm.  of  fat  into  carbonic 
%cid  and  water  is  the  same,  whatever  the  changes  forwards  or  back- 
wards which  the  fat  undergoes  before  it  finally  reaches  the  stage  of 
carbonic  acid  and  water;  and  similarly,  that  the  energy  available 
for  the  body  in  i  grm,  of  dry  proteid  is  the  energy  given  out  by 
the  complete  combustion  of  that  i  grm.,  less  the  energy  given  out 
by  the  complete  combustion  of  that  quantity  of  urea  to  which  the 
I  grm.  of  proteid  gives  rise  in  the  body — we  may  easily  calculate 
the  total  energy  of  any  diet  Frankland'  has  supphed  the  follow- 
ing data,  given  both  in  gxam.  -degree  C  units  of  heat,  and  mcire- 
kilograrame  units  of  force, 

■  Fhil*  Mag,  lOJLiu  [».  18a. 
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pve»  n*c  to 
gramxleg.     mtt.Adh. 


Tht  tlinm  o)ri<bitwn  of  lh« 
foUowinf ,  dftcd  at  loo*.  C 

I  gmi»  Beef-fat                                         9069  3841 

1  grm,  BuUcr                                           7264  3077 

I  grm.  Arrowroot                                    3912  1657 

1  grm.  Beef-muscle  pun6ed  with  ether  5103  2161 

1  grm.  Urea                                               2206  934 

Supposing  that  all  the  nitrogen  of  proteid  food  goes  out  as 
urea,  1  grm.  of  dry  proteid,  such  as  dried  beef-muscle,  would  give 
rise  to  about  J  grm.  of  urea ;  hence 

I  grm.  Proteid  5103         2161 

less 
Jgrra.  Urea  735  311 

would  give  as 


Available  energy  of  Proteid 


4368         1850 


^f  Total  Income  2281580  966780 

Of  in  round  numbers,  one  million  metre- kilogrammes. 


In  a  normal  diet,  such  as  Ranke*s,  p.  457,  would  be  found 

gmai.'^cg.  tact. •kilo. 

100  grm.  Proteid  456800  185000 

100  grm*  Fat  906900  384100 

240  grm.  Starch  938880  397680 


T^  Expenditure. 

There  are  only  two  ways  in  which  energy  is  set  free  from 
the  boily — mechanical  labour  and  heat-  The  body  loses  energy 
in  producing  muscular  work,  as  in  locomotion,  in  all  kinds  of 
labour,  in  the  movements  of  the  air  in  respiration  and  speech, 
and,  though  to  a  hardly  recognizable  extent,  in  the  movements 
of  the  *iir  or  contiguous  bodies  by  the  pulsations  of  the 
vascular  system.  The  body  loses  energy  in  tlie  fonn  of  heat  by 
conduciion  and  radiation,  by  respiration  and  perspiration — in  fact, 
by  the  warming  of  all  the  egesta.  All  the  internal  work  of  the 
body,  all  the  mechanical  labour  of  the  internal  muscular  mechan- 
isms with  their  accompanying  friction,  all  the  molecular  labour 
of  the  nervous  and  other  tissues,  is  converted  into  heat  before  it 
leaves  the  body.  The  most  intense  mental  action,  unaccompanied 
by  any  muscular  manifestations,  the  most  energetic  action  of  the 
heart  or  of  the  bowels,  with  the  slight   exceptions  mentioned 
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above,  the  busiest  activity  of  the  secreting  or  metabolic  tissues, 
all  these  end  simply  in  augnientating  the  expenditure  of  income 
in  the  form  of  heat 

A  normal  daily  expenditure  in  the  way  of  mechanical  labour 
can  be  easily  determined  by  observation.  Whether  the  work  take 
on  the  form  of  walking,  or  of  driving  a  machine,  or  of  any  kind 
of  muscular  toil,  a  good  day's  work  may  be  put  down  at  about 
150,000  metre-kilogrammes.  The  normal  daily  expenditure  in  the 
way  of  heat  cannot  be  so  readily  determined.  Direct  calori- 
metric  observations  are  attended  with  this  difficulty^  tltat  the  body 
while  within  the  calorimeter  is  placed  in  abnormal  conditions, 
which  produce  an  abnormal  inetaboHsm.  Hence  results  arrived 
at  by  this  method  are  of  little  value  unless  they  be  accompanied 
by  a  comparison  of  the  egesla  and  ingesta,  so  that  the  rate  and 
nature  of  the  metabolism  going  on  may  be  known.  Many 
attempts  have  been  made  to  calculate  the  amount  ip  an  indirect 
manner.  As  trustworthy  as  any  is  the  plan  of  simply  subtracting 
the  normal  daily  mechanical  expenditure  from  the  normal  daily 
income.  Thus,  150,000  m.-k.  subtracted  from  one  million  m.-k. 
gives  850,000  m.-k.  as  the  daily  expenditure  in  the  form  of  heat; 
I.e.  between  one-fifth  and  one-sixth  of  the  total  income  is  expended 
as  mechanical  labour,  the  remaining  four-fifths  or  five-sixths 
leaving  the  body  in  the  form  of  heat 

The  Sources  of  Muscular  Energy,  Liebig,  satisfied 
with  having  proved  that  the  animal  body  was  constructive  as  far  as 
the  formation  of  fat  was  concerned,  held  to  the  distinction 
between  nitrogenous  or  plastic  and  non-nitrogenous  or  respiratory 
food.  Put  broadly,  his  view  was  that  all  the  nitrogenous  food 
went  to  build  up  the  proteid  tisjiues,  the  muscular  flesh,  and  other 
forms  of  prolO[)lasm,  and  that  the  nitrogenous  egcsta  arose  solely 
frum  the  functional  metabolism  of  these  tissues,  while  the  non- 
nitrogenous  food  was  used  with  equal  exclusiveness  for  respirator) 
or  calorific  purposes,  being  either  directly  oxidized  in  the  bloiwt^ 
or  if  present  in  excess,  stored  up  as  fatty  tissue.  According  to 
him  the  two  classes  of  income  corresponded  exactly  to  the  two 
forms  of  expenditure.  We  has  e  already  urged  several  objVciions 
against  this  view.  We  have  seen  that  in  the  blood  itself  very 
little  oxidation  takes  place,  that  it  is  the  active  tissue,  and  not  the 
passive  blood-plasma,  which  is  the  seat  of  oxidation.  We  have 
further  seen  that  proteid  food  may  undoubtedly  be  in  Liebig*s 
sense  respiratory,  and  incidentally  give  rise  to  the  storing  up  of 
fat.  One  division  of  Liebig's  view  is  thereby  overthrown.  We 
have  now  to    inquire  whether   the    other  division   holds  goo«i» 
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whether  muscle  or  other  protoplasm  is  fed  exclusively  on  the 
proieid  material  of  food»  and  whether  muscular  energy  comes 
exclusively  from  the  metabolism  of  the  proteid  constituents  of 
mu5clc.  We  have  already  seen  (p,  75)  that  when  the  muscle 
itself  is  examined,  we  find  no  proof  of  nitrogenous  waste,  but,  on 
the  other  hand^  clear  evidence  of  the  production  of  non- nitrogenous 
bodies,  such  as  carbonic  and  lactic  acid.  We  have  now  to  ask 
the  question,  Does  muscular  exercise  increase  the  urea  given  off 
by  the  body  as  a  whole  ?  For  this,  according  to  Liebig's  theory, 
it  certainly  ought  to  do.  Conflicting  evidence  has  been  offered 
on  this  point ;  but  by  far  the  strongest  and  dearest  is  that  which 
gives  a  negative  answer. 

In  addition  to  the  careful  observations  of  Lawes  and  Gilbert, 
Edward  Smith,  Ranke,  Voit  and  others,  the  long-continued  and 
admirable  inquiries  of  Parkes'  arc  especially  deserving  of  attention. 
This  observer  dctcnnined  both  the  total  nitrogen  of  the  urine  and  of 
the  faeces.,  so  thai  no  possible  source  of  error  could  lie  in  this  direction  ; 
and  examined  the  effect  of  exercise,  slight  and  severe,  on  both  a  non- 
nitrogenous  and  on  a  mixed  nitrogenous  diet.  He  found  no  marked 
increase  in  the  urea,  but  often  a  diminution,  during  the  exercise, 
though  subsequently  a  slight  increase  took  place.  This  after-increase 
possibly  had  nothing  to  do  with  the  muscles  in  particular,  but  was  the 
result  of  the  exercise  on  the  body  at  large. 

The  results  of  Flint',  gained  by  observations  on  a  celebrated 
pedestrian,  rather  illustrate  the  effects  of  protracted  exercise  on  general 
proteid  metabolism  under  a  rich  diet  than  contradict  the  more  exact 
mquirics  of  Farkes. 

More  than  this,  the  experience  of  Fick  and  Wislicenus^  lands 
us  in  an  absurdity  tf  we  suppose  the  whole  energy  of  muscular 
work  to  arise  from  proteid  metabolism-  They  performed  a  certain 
amount  of  work  (an  ascent  of  the  Faulhom)  on  a  non-nitrogenous 
diet,  and  estimated  the  amount  of  urea  passed  during  the  period. 
Assuming  the  urea  to  represent  the  oxidation  of  so  much  proteid 
matter,  which  oxidation  represented  in  turn  so  much  energy  set 
free,  ihey  found  that  whereas  the  actual  work  done  amounted  to 
129*026  and  148-656  metre-kilos,  for  each  respectively,  the  total 
energy  available  from  proteid  metabolism  during  the  period  was  in 
the  case  of  the  first  68  69,  and  of  the  second  68*376  metre-kilos. 
That  is  to  say^  the  energy  set  free  by  the  proteid  metabolism  of 
the  muscles  engaged  in  the  work  was  at  the  most  far  less  than  that 
necessary  to  accomplish  the  work  actually  done.     Their  muscular 

'  Prtc,  Roy^  S&c.  Xv.  (1&67)  p.  339;  xvi.  p,  44  ;  XJX.  p.  349  •  XX.  p.  409. 

•  Jntm,  Amti  Pkyj.  Vul.  XJ.  U876) ;  XI i-  l<»77).     Cf.  jV<^A.  y^>wm.  c/ 

FMyi,  X.  (187&)  fx  171.  « 

>  Pkil,  Mag.  xxxr.  (1866)  p.  4S5. 
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energy   therefore    must   have    had    other  sources   than   pi 
I        metabolism. 

■  The  total  nitrogen  excreted  was  estimated  (A)  for  12  hoars  prcviousl 

to  the  commencement  of  the  labour,  (B)  fur  the  period  of  ihc  labour* 
and  (C)  for  six  hours  succeeding  the  labour  ;  the  latter  in  order  thil 
there  might  be  no  possible  retention  within,  the   body   of  the  urea 

1  formed  during  the  labour  period. 
The  totaJ  nitroi;en  cjcecretcd*                                  Fick.  Wi%ti 

A.     In  12  hours  before  the  labour 6'9igrm.         6'68grin-] 
B.     In  3  hours  labour 3-31  3-13 

C.     In  6  hours  rest  after  labour 2*43  2-42 

B.     Corresponds  in  dry  proteid  sub-  \  *„         .  o  o 

stance  consumed  into  urea  ..  J**^     ^^^               ^^^ 
C.                 „           „           „            „  1619 16' rt 

The  total  proteid    consumed    therefore  1      ,,.,^  »?¥« 

during  and  after  labour  was /     ^^    '  37*oo 

The  oxidation  of  these  within  the  body  1      f/.f^Qr,  /;«*  tA 

to  urea,  would  produce  in  metre-kilos  j  ^°  ^' 

_  Whereas  the  actual  work  done  was,  also  1    ,»«,.„^  «.£  ^ 

I         in  metre-kilos '. |    "9096  «48656 

The  argument  may  be  made  still  stronger  by  the  following  con- 
siderations. A  large  internal  amount  of  muscular  energy,  that  of  the| 
vascular  and  respiratory  mechanisms,  did  not  appear  in  the  worlci 
done,  being  transformed  into  heat  before  it  left  the  body,  r>n  the 
supposition  that  this  muscular  energy  also  arose  from  proteid  meti* 
holism,  we  must  add  to  the  above  estimate  of  work  done,  quantitic-s 
calculated  to  have  been  in  the  case  of  Fick  30*541,  of  Wislicenusj 
35-631  metre-kilos,  bringing  up  the  totals  to  159637  and  ii54-287l 
respectively.  But  even  this  is  not  all.  Supposing  that  the  wholc^ 
energy  set  free  by  a  muscular  contraction  arises  from  proteid  meta*l 
bolismf  since  some  of  this  energy  goes  out  directly  as  heat»  we  mu5l| 
add  to  the  above  estimate  of  mechanical  work,  the  work  which  might  I 
have  been  done  by  the  heat  given  out  at  the  same  time.  Hcidcnhaini 
H  calculates  that  while  ^ths  of  the  total  energy  of  the  body  takes  on  the 
H  form  of  heat,  the  share  of  the  energy  set  free  in  the  contraction  of 
any  individual  muscle  which  must  be  reckoned  as  heat  amounts  to 
about  half     Hence  the  sums  given  above  must  be  doubled  ;  so  ihatj 

■      the   real   contrast   is   between   319*274  and    368*574    metre-kilos 
actual  energy  expended   on    the   one   hand   and   66690  and  68*35 
metre-kilos  of  energy  available  through  proteid  metabolism  on  the) 
other. 

■  That  on  the  contrary  the  production  of  carbonic  acid  is 

once  and  largely  increased  by  muscular  exercise  is  beyond  all 
•         doubt.     One  hour's  hard  labour  will  increase  fivefold  the  quantity 
of  carbonic  acid  given  off  within  the  hour.     And  Pettenkofer  an< 
Voit  found  that  a  man  in  24  hours  consumed  954  gnus,  oxygen^ 
and  produced  1284  gnns.   carbonic  acid  when  domg  work, 
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against  708  grras.  oxygen  consumed  and  911  gnns.  carbonic  acid 
produced  when  remaining  at  rest,  the  quantity  of  urea  secreted 
being  in  the  first  case  37  grms.,  in  the  second  37*2  grms. 

These  observers  found  that  the  production  of  carbonic  acid  was 
very  distinctly  diminished,  and  the  consumption  of  oxygen  increased, 
during  the  nijjht  as  compared  with  the  day.  Thus  the  12S42  grms. 
of  carbonic  acid  of  the  whole  period  of  24  hours  was  furnished  by 
884*6  grms.  given  out  between  6  A.M.  and  6  P.M.,  and  399 '6  grms. 
between  6  P.M.  and  6  A.M.  Similarly,  of  the  954*5  grms.  oxygen 
394*8  grms.  were  taken  in  between  6  A.M.  and  6  P.M.,  and  '597  grms. 
between  6  p.m.  and  6  a.m.  These  fi^u^es  very  strikingly  indicate 
the  independence  of  muscular  contraction  and  immedutU  oxidation. 
During  the  day  when  the  bcKly  is  at  work,  ur  at  least  manifesting 
activity  in  one  direction  or  another,  while  the  production  of  carbonic 
acid  is  much  greater,  the  consumption  of  oxygen  is  much  less  than 
during  the  night  when  the  body  is  at  rest  and  asleep. 

It  is  evident  that  the  conclusions  arrived  at  by  the  statistical 
method  entirely  corroborate  those  gained  by  an  examination  of 
muscle  itself,  viz.  that  during  muscular  contraction  an  explosive 
decomposition  ukes  place,  the  non-nitrogenous  products  of  which 
alone  escape  from  the  muscle  and  from  the  body,  any  nitrogenous 
products  which  result  being  retained  within  the  muscle-  We 
must  therefore  reject  the  second  as  well  as  the  first  division  of 
Liebig's  view,  that  the  muscle  is  fed  exclusively  on  protcid 
material,  and  that  its  energy  arises  from  proteid  metabolism. 

We  must,  however,  guard  ourselves  against  rushing  into  the 
extreme  opmion  that  a  muscle  is  simply  a  machine  for  getting  work 
•but  of  the  oxidation  of  non -nitrogenous  food.  The  hypothesis  ad- 
vanced at  p.  117  concerning  the  re  entrance  of  the  nitrogenous  pro* 
ducts  of  metabolism  into  the  composition  of  the  nascent  contractile 
substance,  is  undoubtedly  a  very  rough  and  provisional  idea.  But  if 
it  means  anythin|:  it  means  this,  that  the  decomposition  which  gives 
rise  to  the  carbonic  and  lactic  acid,  is  a  decomposition  of  the  wkcU 
coHiractiie  substame  and  not  of  any  non-nitrogenous  portion  of  it,  and 
that  before  a  fresh  decomposition  can  take  plac*  the  whole  complex 
explosive  contractile  material  has  to  be  made  anew,  and  not  simply  a 
non-nitrogenous  gap  filled  up.  And  this  is  probably  true,  not  of 
muscular  tissue  only,  but  of  all  forms  of  active  protoplasm  however 
otherwise  modified.  It  is,  as  wc  have  seen,  not  in  the  case  of  muscle 
alone  that  the  oxygen  disappears  into  the  molecular  recesses  of  the 
tissue  to  reappear  again  in  oxidized  products  whose  oxidation  docs 
not  take  place  at  the  moment  of  their  production.  We  have  more  than 
once  insisted  that  the  oxidations  of  the  body,  in  general  at  least,  are 
oxidations  by  the  tissues,  and  arc  oxidations  in  which  ihc  oxygen  is 
first  absorbed  and  made  latent  by  the  physiological  actions  of  ilie 
protoplasm.  In  the  at  present  unknown  molecular  actions*  by  which 
the  raw  material  of  the  protoplasm  is  united  with  the  absorbed  axygen 
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in  the  manufacture  of  the  explosive  material,  nitrogenous  con 
evidently  play  a  peculiar  part.  This  b  clearly  shewn  by  tiie  i 
activity  of  protcid  matters  illustrated  in  the  previous  section,  ii.^--.  i 
the  whole  secret  of  lite  may  almost  be  said  to  be  wrapped  up  in  the 
occult  properties  of  certain  nitrogen  compounds  ;  and  Pflugcr*  h^s 
drawn  some  very  suggcbtivc  comparisons  between  the  so-called 
chemical  properties  of  the  cyanogen  compounds,  and  the  so-called 
vital  properties  of  protopla^im.  If  we  admit  that  the  energy  of 
muscular  contraction  (and  with  that  the  cneigy  of  all  other  vital 
manifestations)  arises  from  an  evplosive  decomposition  of  a  complex 
substance,  which  we  may  call  real  protoplasm,  and  tlut  this  complex 
protoplasm  is  capable  of  recoastriiction  withm  limits  which,  as 
we  urged  at  p.  441,  may  be  very  wide,  wc  acquire  a  conception  of 
physiological  processes  which,  if  not  precise  and  definite^  is  at  least 
simple  and  coii^iisteni,  and  moreover  a  first  step  towards  a  future 
molecular  physiology. 

The  Sources  and  Distribution  of  Heat.  We  have 
already  seen  that  the  conception  of  the  non  nitrogenous  portions 
of  food  being  solely  calorifacient  or  respiratory,  proves  to  be 
unfounded  when  we  attempt  to  trace  the  history  of  the  food  on  its 
way  through  the  body.  The  same  v\ew  is  still  more  strikingly 
shewn  to  be  inadequate  when  we  study  the  manner  in  which  the 
heat  of  the  body  is  produced.  We  may  indeed  at  once  affirm 
that  the  heat  of  the  body  is  generated  by  the  oxidation,  not  of 
any  particular  substances,  but  of  the  tissues  at  large.  Wherever 
metabolism  of  protoplasm  is  going  on,  heat  is  being  set  free.  In 
growth  and  in  repair,  in  the  deposition  of  new  material,  in  the 
transformation  of  lifeless  pabulum  into  living  tissue,  in  the  con- 
structive metabolism  of  the  body,  heat  may  be  undoubtedly  to  a* 
certain  extent  absorbed  and  rendered  latent ;  the  energy  of  the 
construction  may  be,  in  part  at  least,  supplied  by  tlie  heat  present. 
But  all  this,  and  more  than  this,  viz,  the  heat  present  in  a  potential 
form  in  the  substances  so  built  up  into  the  tissue,  is  lost  to  the 
tissue  during  its  destructive  metabolism ;  so  that  the  whole 
metabolism,  the  whole  cycle  of  changes  from  the  lifeless  pabulum 
through  the  living  tissue  back  to  the  lifeless  products  of  vital 
action  is  eminently  a  source  of  heat 

Of  all  the  tissues  of  the  body  the  muscles  not  only  from  their 
bulk,  forming  as  they  do  so  large  a  portion  of  the  whole  frame, 
but  also  from  the  characters  of  their  metabolism,  must  be  regarded 
ajs  the  chief  sources  of  heaL  Whenever  a  muscle  contracts,  heat 
is  given  out,  When  a  mercury  thermometer  is  plunged  into  a 
mass  of  muscles^  such  as  those  of  the  thigh  of  the  dog,  a  rise  of 
the  mercury  is  observed  upon  the  muscles  being  thrown  into  a 

'  Pflugcr's  Anhiv^  X.  (1875)  p.  251. 
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prolonged  contraction.  More  exact  results  however  are  obtained 
by  means  of  a  thermopile,  by  the  help  of  which  the  heat  given 
out  by  a  few  repeated  single  con  tractions,  or  irujeed  by  a  single 
contraction,  may  be  observed  and  measured.  Kick'  found  that 
the  greatest  heat  given  out  by  the  muscles  of  the  thigh  of  a  frog 
in  a  single  contraction  was  51  micro-units  of  heat'  for  a  gramme 
of  muscle,  the  result  being  obtained  by  dividing  by  five  the  total 
amount  of  heat  given  out  in  five  successive  single  contractions. 
We  have  no  satisfactory  quantitative  determinations  of  the  heat 
given  out  by  the  muscles  of  warm-blooded  animals,  but  there  can 
be  no  doubt  that  it  is  much  greater  than  that  given  out  by  tlie 
muscles  of  the  frog. 

The  tbennopile  may  consist  either  of  a  single  junction  in  the  form 
of  a  needle  plunged  into  the  substance  of  the  muscle  or  of  several 
junctions  either  m  the  shape  of  a  flat  surface  carefully  opposed  to  the 
surface  of  muscle  (Heidcnhain*)  the  pile  being  balanced  so  as  to 
move  with  the  contri'tirf  mt!  rie.  ar^l  thus  ta  keen  the  contact  exact 
ur  m  liiL  shape  of  a  thin  we^Ige  (Fick*)  the  edge  of  which  comprising 
the  actual  junctions  is  thrust  into  a  mass  of  muscles  and  held  in 
position  by  them.  In  ail  cases  the  fellow  junction  or  junctions  must 
be  kept  at  a  constant  temperature. 

The  amount  of  heat  given  out  by  a  muscle  when  thrown  into 
contraction  by  the  application  of  a  stimulus  will  of  course  depend 
on  the  amount  of  energ)'  set  free  by  the  decomposition  of  the 
explosive  contractile  sub:>tance,  part  of  this  energy  going  to 
produce  movement,  and  part  being  transformed  into  heat.  We 
have  seen  in  treating  of  muscle  itself  that  the  total  amount  of 
energy  set  free  by  the  action  of  a  stimulus  will  depend  not  only 
on  the  strength  of  the  stimulus,  but  also  on  a  variety  of  circum- 
stances, notably  on  the  amount  of  resistance  against  which  the 
muscle  has  to  contract ;  mere  extension  of  the  muscular  fibre 
increases  the  metabolism  of  the  muscular  substance,  and  leads  to 
a  freer  expenditure  of  energy,  see  p.  90.  The  ratio  of  the  ex- 
pended energy  going  out  as  heat  to  that  producing  movement 
appears  to  vary  with  circumstances,  and  according  to  Fick* 
incteases  with  an  increase  of  the  resistance.  Hence  muscles 
contracting  against  a  great  resistance,  economise  so  to  speak  the 
expenditure  of  their  substance*  inasmuch  as  more  and  more  of  the 
energy  set  free  is  devoted  to  the  specific  muscular  movement 


•  PflUifCT's  Anhitu  XVT.  (1877)  P-  58. 

•  The  micrcHtinit  being  a  millignimmc  of  water  raised  one  degree  centigrade, 

•  MHhiM»i£h€  L^istuHg,  &^.,  1864,  *  O/,  fit.  »  (^  cif. 
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instead  of  the  more  general  development  of  heal,  which  latter 
task  might  be  more  cheaply  undertaken  by  less  speciahzed  tissues. 
It  is  impossible  to  say  at  present  what  are  the  exact  limits  of  the 
ratio  of  heat  to  movement.  Pick  calculates  that  in  the  bloodless 
muscles  of  the  frog,  the  amount  of  work  may  vary  from  one-fourth 
to  one  twenty -fifth  of  the  heat  given  out.  If  we  may  venture  to 
argue  from  the  muscles  of  a  frog  to  those  of  the  mammaJ,  and  to 
take  somewhat  below  the  mean  of  the  above  two  hmits,  say  one- 
tenlhj  then,  upon  the  calculation  that  the  total  external  work  of 
the  body  is  about  one-fifth  of  the  total  energy  set  free  in  the  body, 
it  is  clear  that  the  heat  given  out  by  the  muscles,  at  those  times 
only  when  they  are  contracting,  must  form  a  very  large  paxt  of  the 
total  heat  given  out  by  the  body.  But  the  skeletal  muscles, 
though  frequently,  are  not  continually  contracting;  they  have 
periods,  at  times  long  periods,  of  rest ;  and  during  these  periods 
of  rest,  metabolism,  of  a  subdued  kind  it  is  tnie,  but  srill  a 
metabolism,  involvmg  an  expenditure  of  energ>',  is  going  on* 
This  quiescent  metabolism  must  also  give  rise  to  a  certain  amount 
of  heat ;  and  if  we  add  this  amount,  which  in  the  present  state  of 
our  knowledge  we  cannot  exactly  gaiijife,  to  that  given  out  during 
the  movements  of  the  body,  it  is  very  clear,  even  in  the  absence 
of  exact  data,  tliat  the  metabolism  of  the  muscles  must  supply  a 
very  large  proportion  of  the  total  heat  of  the  body,  They  are 
par  excellence  the  thermogenic  tissues. 

Next  to  the  muscles  in  im|x>rtance  come  the  various  secreting 
glands.  In  these  the  protoplasm,  at  the  periods  of  secretion  at 
all  events,  is  in  a  state  of  metabolic  activity,  which  activity^  as 
elsewhere  must  give  rise  to  heat.  In  the  case  of  the  salivar)' 
gland  of  the  dog  Ludwig  and  Spiess*  found  that  the  temperature 
of  the  saliva  secreted  during  stimulation  of  the  chorda,  might  be 
as  much  as  i**  or  i*s**  higher  than  that  of  the  blood  in  the  carotid 
artery  at  the  same  time,  and  in  all  probability  the  investigation  of 
other  secreting  glands  would  lead  to  similar  results.  Of  all  these 
various  glands,  the  liver  deserves  special  attention  on  account  of 
its  size  and  large  supply  of  blood  and  because  it  appears  to  be 
continually  at  work.  We  find  indeed  that  the  blood  in  the  hepatic 
veins  is  the  warmest  in  the  body.  Heidenhain*  observed  in  the 
dog  a  temperature  of  4073°  C.  in  the  hepatic  vein,  while  that  of 
the  vena  cava  inferior  was  38 '35°  to  39 '58^  and  that  of  the  right 
heart  377**.  Bernard  previously  had  found  the  blood  of  the 
hepatic  vein  warmer  than  tliat  of  either  the  portal  vein  or  the 


»  Wien,  Sitmngsh^thie^  Bd,  25  (1857). 
*  VM'gic^^  Archiv^  III.  (1870)  p.  504. 
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morbi,  shewing  that  the  increased  temperature  is  not  due  simply  to 
the  Hver  being  far  removed  from  the  surface  of  the  body. 

The  brain  loo  may  be  regarded  as  a  source  of  heat,  since  its 
temperature  is  higlicr  than  that  of  the  arterial  blood  with  which  it 
is  supplied  ;  thougli  from  the  smaller  quantity  of  blood  passing 
through  its  vessels  it  cannot  in  this  respect  compare  with  cither 
the  liver  or  the  muscles  as  a  source  of  heat  to  the  body. 

The  blood  itself  cannot  be  regarded  as  a  source  of  any  con- 
siderable amount  of  heat,  since,  as  we  have  so  frequently  urged, 
the  oxidations  or  other  metabolic  changes  tiking  place  in  it  are 
comparatively  slight  The  heal  evolved  by  the  indifferent  tissues 
such  as  bone,  cartilage  and  conncctivt  tissue  may  be  passed  over 
as  insignificant;  and  we  cannot  even  regard  the  adipose  tissue  as 
a  seal  of  the  production  of  heat  since  the  fat  of  the  fat-cells  is  in 
all  probabihty  not  oxidized  in  situ  but  simply  carried  away  from 
its  place  of  storage  to  the  tissue  which  stands  in  need  of  it,  and  it 
is  in  the  tissue  that  it  undergoes  the  metabolism  by  which  its 
latent  energy  is  set  free.  Some  amount  of  boat  is  also  produced 
by  the  changes  whicli  the  food  undergoes  in  the  alimentary  canal 
before  it  really  enters  the  tK>dy. 

Hence  taking  a  survey  of  the  whole  l>ody  we  may  conclude 
that  since  metabolism  is  going  on  to  a  greater  or  less  extent  every- 
where, heat  is  everywhere  being  generated ;  but  that,  looked  at 
from  a  quantitative  point  of  view^  the  muscles  and  the  glandular 
organs  must  be  regarded  as  the  main  suurces  of  the  heat  of  the 
bo<.ly,  the  muscles  being  in  all  probability  the  more  important  of 
the  two. 

But  heat,  while  being  thus  continually  produced,  is  as  con* 
tinually  being  lost,  by  the  skin,  the  lungs,  the  urine  and  the  faeces. 
The  blood  passing  from  one  part  of  the  body  to  the  other,  and 
carrying  warmth  from  the  tissues  where  heat  is  being  rapidly 
generated,  to  the  tissues  or  organs  where  heat  is  being  lost  by 
radiation,  conduction  or  evaporation,  tends  to  equalize  the 
temperature  of  the  various  parts»  and  thus  maiDtains  a  *  constant 
bodily  temperature.* 

When  the  production  of  heat  is  not  great  as  compared  with 
the  loss  there  is  no  great  accumulation  of  heat  within  the  body* 
the  temperature  of  which  con|equently  is  but  slightly  raised  above 
that  of  surrounding  objects.  Thus  the  temperature  of  the  frog, 
for  instance,  is  mreiy  more  than  •04*'  to  '05"  C.  above  that  of  the 
atmosphere,  though  in  the  breeding  season  the  difference  may 
amount  to  x"*.  Such  animals,  and  they  comprise  all  classes  except 
birds  and  mammals,  are  spoken  of  as  cold-blooded.  Exceptions 
among  them  arc  not  uncommon.     Some  fish,  such  as  the  tunny, 
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are  warmer  than  the  water  in  which  they  live,  and  in  a  species  of 
Python  {F.  bivittatus)  a  difference  of  as  much  as  1 2*=*  C.  has  heen 
observed,  Hiiber  found  that  in  a  beehive  the  temperature  rose 
at  times  as  much  as  to  40^  C.  In  the  so-called  wann-blooded 
animals,  birds  and  mammals,  the  loss  and  production  of  heat  are 
so  balanced  that  the  temperature  of  the  body  remains  constant  at, 
in  round  numbers^  35  or  40**  C,  whatever  be  the  temperature  of 
the  air.  The  temperature  of  man  is  about  3 7 '6''  C. ;  in  some 
birds  it  is  as  high  as  44°  C.  (Hirundo),  and  in  the  wolf  it  is  said 
to  be  as  low  as  35  24*'  C. 

This  temperature  is  with  slight  variations  maintained  through- 
out life.  After  <kath  the  generation  of  heat  rapidly  diminishes, 
and  the  body  speedily  becomes  cold ;  but  for  some  short  time 
immediately  following  upon  systemic  death,  a  rise  of  temperature 
may  be  observed,  due  to  the  fact  that,  while  the  metabolism  of 
the  tissues  is  stiil  gomg  on,  the  loss  of  heat  is  somewhat  checked 
by  the  cessation  of  tlie  circulation.  The  onset  of  pronounced 
rigor  mortis  causes  a  marked  accession  of  heat,  and  when  occur- 
ring after  certain  diseases,  may  give  rise  to  a  very  considerable 
elevation  of  temperature.  This  mean  bodily  temperature  of 
warm-blooded  animals  is,  during  health,  maintained,  with  slight 
variations  of  which  we  shall  presently  speak,  \inthin  a  very  narrow 
margin,  a  rise  or  indeed  a  fall  of  much  more  than  a  degree  above 
or  belo^v  the  limit  given  above  being  indicative  of  some  failure  in 
the  organism,  or  of  some  unusual  influence  being  at  work.  It  is 
evident,  therefore,  that  the  mechanisms  whicli  co-ordinate  the 
loss  with  the  production  of  heat  must  be  exceedingly  sensitive. 
It  is  obvious,  moreover,  tliat  these  mechanisms  may  act  when  the 
bodily  temperature  is  tending  to  rise,  by  either  checking  the 
production  or  by  augmenting  the  loss  of  heal  ;  ami  when  the 
bodily  temperature  is  tending  to  fall,  by  either  increasing  the 
production  or  by  diminishing  the  loss  of  heat  As  the  regularioti 
of  temperature  by  variations  in  the  loss  of  heat  is  fax  belter 
known  than  regulation  by  variations  in  production,  it  will  be  best 
to  consider  this  first. 


Regulation  by  variations  in  loss.  Heat  is  lost  to  the 
body  by  the  warming  of  the  faeces  and  of  the  urine,  by  the 
warming  of  the  expired  air,  by  the  evaporation  of  the  water  of 
respiration,  by  conduction  and  radiation  from  the  skin,  and  by 
the  evaporation  of  the  water  of  perspiration.  Helmholu  has 
calculated  that  the  relative  amounts  of  the  loss  by  these  several 
channels  are  as  follows  :  In  warming  the  faeces  and  urine  2"6  per 
cent     In  warming  the  expired  air  5*2  per  cent.     In  evaporatii 
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the  water  of  respiration  147  per  cent.  In  conduction  and 
radiation  and  evaporation  by  the  skin  77*5  per  cent. 

The  two  chief  means  of  loss  then,  which  are  at  all  susceptible 
of  any  great  amount  of  variation,  and  which  can  be  used  to 
»2gulate  the  temperature  of  the  body,  are  the  skin  and  the  lungs. 

The  more  air  passes  in  and  out  of  the  lungs  in  a  given  time, 
the  greater  will  be  the  loss  in  warming  the  expired  air,  and  in 
evai^orating  the  water  of  respiration.  And  in  such  animals  as 
the  dog,  which  do  not  perspire  freely  by  the  skin,  respiration  is 
a  most  important  means  of  regulating  the  temperature.* 


^^oun 


While  Bernard V  G.  Liebig^,  Heidenhain  and  older  observers, 
d  the  blood  of  the  right  heart  warmer  (from  *!  to  '3")  tlutn  that  of 
the  Icfi,  Colin*  and  Jacobson  and  Bernhardt  *  st.ite  lliat  ihc  left  heart 
is  warmer  or  ax  last  as  warm  as  the  right.  From  the  latter  observa- 
tions it  might  be  inferred  that  the  loss  of  heat  by  respiration  is 
neutralized  by  chemia^l  changes  going  on  in  the  lungs.  Heidenhain 
kftnd  K5mcr  ,  however  make  the  important  observation  that  the 
'higher  temperature  of  the  right  ventricle  is  independent  of  the  rc- 
spirationf  and  they  attribute  the  difference  between  the  two  ventricles 
solely  to  the  fact  that  the  right  ventricle  lies  nearer  to  the  abdominal 
visccrn,  tlic  hifih  temperature  of  which  has  already  been  mentioned. 
And  they  argue  that  the  loss  of  heat  from  the  body  to  the  air  has  been 
already  achieved  before  the  inspired  air  reaches  the  pulmonar>' alveoli, 
the  evaporation  of  water  taking  place  chiefly  in  the  nasal  and  bronchial 
passages. 

The  great  regulator  however  is  undoubtedly  the  skin.  The 
more  blood  passes  through  the  skin  the  greater  will  be  the  loss 
of  heat  by  conduction,  radiation,  and  evaporation.  Hence,  any 
action  of  the  vaso  motor  mechanism  which,  by  causing  dilation 
of  the  cutaneous  vascular  areas,  leads  to  a  larger  dow  of  blood 
through  the  skin,  will  tend  to  cool  the  body  ;  and  conversely,  any 
vaso-motor  action  which,  by  constricting  the  cutaneous  vascular 
areas,  or  by  dilating  the  splanchnic  vascular  areas,  causes  a 
smaller  flow  through  the  skin,  and  a  larger  flow  of  blood  through 
the  ab<iominal  viscera,  will  tend  to  heat  the  body.  Besides  this 
the  special  ncn-^es  of  perspiration  will  act  directly  as  regulators  of 
temperature,  increasing  the  loss  of  heal  when  they  promote,  and 
lessening  the  loss  when  they  cease  to  promote,  the  secretion  of 

*  See  Riegcl,  Pfliigcr's  ArcAiv,  V.  (187a)  651. 
*  •  Ltf,  dtPkys,  Exp.,  JS5S. 

•  Ufirr    die    Tcmprraturuntertd^etU    des   veneun    umi    arUnfiUn    Dlut^* 
nlci  eti,  1853* 

*  Cifmpt.'KrHd,^  LXII.  (1865)  p,  680. 
i  rhi  /  Ate^i.  iViss.,  1S68,  p.  64 j. 

•  Pflliijcr's  Ar<kH\  IV.  (1871 1  55^. 
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the  skin.  The  working  of  this  heat-regulating  mechanism  is  well 
seen  in  the  case  of  exercise.  Since  every  muscular  contraction 
gives  rise  to  heat,  exercise  must  increase  for  the  lime  being  the 
production  of  heat ;  yet  the  bodily  temperature  rarely  rises  so 
much  as  a  degree  C,  0"  at  all  By  the  exercise  the  respiration  is 
quickened,  and  the  loss  of  heat  by  the  lungs  increased.  The 
circulation  of  blood  is  also  quickened,  and  the  cutaneous  vasculai 
areas  becoming  dilated,  a  larger  amount  of  blood  passes  through 
the  skin.  Added  to  this,  the  skin  perspires  freely.  Thus  a  large 
amount  of  heat  is  lost  to  the  body,  sufficient  to  neutralise  the 
increase  caused  by  the  muscular  contraction,  the  increase  which 
the  more  rapid  flow  of  blood  through  the  abdominal  organs  might 
tend  to  bring  about  being  more  than  sufficiently  counteracted  by 
their  smaller  supply  for  the  time.  The  sense  of  warmth  which  is 
felt  during  exercise  in  consequence  of  tlie  flushing  of  the  skin, 
is  in  itself  a  token  that  a  regulative  cooHng  is  being  carried  on. 
In  a  similar  way  the  application  of  external  cold  or  heat,  either 
partially  or  completely,  defeats  its  oftTi  ends.  Under  the  influence 
of  external  cold  the  cutaneous  vessels  are  constricted,  and  ihc 
splanchnic  vascular  areas  dilated,  so  that  the  blooti  is  withdrawn 
from  the  colder  and  cooling  regions  to  the  hotter  and  heat^pro- 
ducing  organs.  This  vascular  change  may  be  used  to  explain  the 
fact  that  stripping  naked  in  a  cold  atmosphere  often  gives  rise  lo 
an  actual  increase  in  the  mean  temperature  of  the  bloody  as 
indicated  by  a  thermometer  placed  in  the  mouth,  though  possibly 
the  effect  may  be  partly  due  to  an  actual  increase  of  the  produc- 
tion of  heat.  Under  the  influence  of  external  warmth,  on  the 
other  hand,  the  cutaneous  vessels  are  dilated,  a  rapid  discharge  of 
heat  takes  place ;  and  if  the  circumstances  be  such  that  the  body 
can  perspire  freely,  and  the  perspiration  be  readily  evaporated,  the 
temperature  of  the  body  may  remain  very  near  to  the  nonnd, 
even  in  an  excessively  hot  atmosphere.  Thus^  more  than  a 
century  ago,  Drs.  Fordyce  and  Blagden  ■  were  able  to  remain 
with  impunity  in  a  chamber  heated  even  to  127*  {260^  Fahr.), 
and  with  ease  in  one  so  hot,  that  it  became  painful  for  them  to 
touch  the  metal  buttons  of  their  clothing.  It  is  unnecessary  to 
give  any  more  examples  of  this  regulation  cf  temperature  by 
variations  in  the  loss  of  heat ;  they  all  readily  explain  themselves 

Regulation  by  variations  in  production.  It  is  not 
however  solely  by  variations  in  the  loss  of  heat  that  the  constant 
temperature  of  the  warm-blooded  animal  is  maintained.  Varia- 
tions in   the  amount  of  heat   actually  generated   in  the   body 

•  PAi/,  Trans,,  1775,  pp.  iii,  48 1. 
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constitute  an  important  factor  not  only  in  the  maintenance  of 
the  normal  temperature,  bat  also  probably  in  the  production  of 
the  abnormally  high  or  low  temperatures  of  various  diseases. 
Many  considerations  have  long  led  physiologists  to  suspect  the 
existence  of  a  ner\'ous  mechanism  by  which  afferent  impulses 
arising  in  the  skin  or  elsewhere  might  through  the  central 
ner>'Ous  system  originate  efferent  impulses  whose  effect  would  be 
to  increase  or  diminish  the  metabolism  of  the  muscles  or  other 
organs  and  thus  to  increase  or  diminish  the  amount  of  heat 
generated  for  the  time  being  in  the  body.  The  existence  in  fact 
of  a  metabolic  or  thermogenic  ner\^ous  mechanism  comparable 
in  many  respects  to  the  vaso-molor  mechanism  or  to  the  various 
secreting  nervous  mechanisms  seems  in  itself  probable.  And  we 
have  now  a  certain  amount  of  exi>eriracntal  evidence  that  such 
a  mechanism  does  really  exist.  The  warm  blooded  animal  is 
distinguished  from  the  cold-blooded  animal  by  the  fact  that  when 
it  is  exposed  to  cold  or  heat,  it  does  not  like  the  Litter  become 
culdcr  or  hotter,  as  the  case  may  be,  but,  within  certain  limits, 
maintains  its  normal  temperature.  If  the  temperature  of  the 
warm-blooded  animal  during  exposure  to  cold  is  maintained  by 
means  of  an  increased  production  of  heal  and  not  simply  by  a 
diminished  loss,  we  ought  to  find  evidence  of  an  increased  meta- 
bolism during  that  exposure.  We  ought  to  find  under  these 
circumstances  an  increased  production  of  carbonic  acid,  and  an 
increased  consumption  of  oxygen,  since  it  is  to  these  products, 
rather  than  to  the  nitrogenous  factors,  on  the  peculiarities  of 
which  as  uncertain  signs  of  metabolism  we  have  already  insisted, 
we  must  look  for  indications  of  the  rise  or  fall  of  meubolic 
activity.  Now  Ptliiger  and  his  pupils  have  shewn  that  ex(>osure 
to  cold  does  most  markedly  increase  the  production  of  carbonic 
acid  and  consumption  of  oxygen  in  a  wann-blooiled  animal 
(rabbit,  guinea-pig),  whereas  in  a  cold-blooded  animal  (frog)  the 
meubolism,  as  measured  by  the  amounts  of  the  same  products 
is  diminished  by  cold  and  increased  by  heat  The  body  of  the 
latter  behaves  in  this  respect  like  a  mixture  of  dead  substances 
in  a  chemist's  retort ;  heat  promotes  and  cold  retards  chemical 
action  in  both  cases.  In  the  body  of  the  warm-blooded  animal, 
on  the  other  hand,  there  is  a  mechanism  by  which  such  a  reaction 
is  brought  about  that  chemical  action  is  actually  increased  by  the 
application  of  cold  And  PflUger  has  further  shewn  that  this 
mechanism  is  of  a  nervous  nature,  since  warm-blooded  animals, 
in  which  the  action  of  the  nervous  system  is  suspended  by  urari 
poisoning,  section  of  the  medulla  oblongata,  or  otherwise,  be- 
have like  cold-bloodeil  animals  towards  heal  and  cold  ;  their 
K.  P.  SI 
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melabolisin   is   increased    by  the    fomier    and    diminished  by 
the  latter. 

We  may  reganl  it  then  as  established  that  such  a  thermolaxic 
nervous  mechanism  does  exist,  and  the  importance  of  such  a 
mechaDism  in  explaining  not  only  the  maintenance  of  the  nnrn>Al 
teraperature  but  the  abnormal  variations  of  temperature  in  disease 
can  hardly  be  exaggerated.  Much  however  still  requires  lo  be 
learnt  before  we  can  speak  with  confidence  as  to  its  exact  nature 
or  expound  the  details  of  its  work. 

The  view  that  the  generation  of  heat  in  the  animal  body  is  regulated 
by  a  special  mechanism,  and  tliat  of  a  nervous  nature,  has  long  seemed 
probable,  though  much  of  the  evidence  brought  forward  in  its  favour 
was  impeifcct  and  indecisive.  The  results  of  injuries  to  and  diseases 
of  the  nervous  system  seemed  to  point  in  this  direction.  Thus  Brodie* 
long  ago  called  attention  to  a  riic  of  temperature  after  injiu-y  to  ibc 
spinal  cord  ;  in  a  previous  memoir"  be  had  contended,  on  insufficient 
grounds  it  is  true,  for  a  direct  generation  of  heat  by  means  of  the 
nervous  system.  Since  that  time  many  cUnical  cases  have  been 
observed  on  the  one  hand  of  a  lowering  and  on  the  other  hand  of 
a  rise  of  ttmpemture  as  the  result  of  injury  to,  or  disease  of,  the  spinal 
cord,  or  other  parts  of  the  ceiilral  nervous  system.  A  certain  amount 
of  experimentai  evidence  is  also  forthcoming,  Tschcsehichin*  ob- 
served in  rabbits  a  fall  of  temperature  after  section  of  the  spinal  cord, 
but  a  marked  rise  of  temperature  after  a  section  carried  through  the 
juncture  of  the  medulla  oblongata  and  pons  Varolii.  Naunyn  and 
Quincke*,  on  the  contrary,  found  that,  in  dogs,  section  of  the  spinal 
cord  was  followed  at  ftrst  by  a  fall,  but  sub-sequently  by  a  rise  of 
temperature,  the  latter  being  the  more  marked  the  higher  up  the 
division  of  the  cord,  and  reaching  to  as  much  as  3**  or  4°.  They 
explained  the  initial  fall  as  due  lo  an  increased  escape  of  heat,  due  to 
the  vaso-raotor  paralysis,  which  the  section  caused,  aUowing  a  large 
portion  of  the  blood  to  pass  through  the  cutaneous  vessels  ;  and  they 
remHrked  that  the  fall  was  less  the  more  rapidly  after  the  operation 
the  animal  was  surrounded  by  cotton  wool  or  like  bad  conductors  of 
beat.  The  subsequent  rise  of  temperature  they  attributed  to  an  actual 
increased  production  which  in  time  overcame  the  increased  escape 
due  to  vaso-motor  paralysis.  They  thought  that  they  had  satisfied 
themselves  that  the  rise  was  not  due  to  fever  occasioned  by  the  mere 
wound,  as  Schroff^  has  since  concluded.  Parinaud*  finds  that  in 
rabbits  section  of  the  spinal  cord  invariably  produces  a  continued  fall 
of  temperature,  especially  of  the  deeper   parts  of  the  body,  mane 


*  Med.  Ckir.  TVans.  VoUxx.  (1837)  p.  119* 
■  Phil.  Trans.  iSii,  i8i2. 

J  Dn  Buis-I<cymond's  Arrhiv,  1866,  p.  151. 

*  Du  Uois-Keymond's  ArcAiv,  1S69,  pp.  174,  521. 
i  yVitn,  .SittutigibeHchJtt  Lxxni.  (1876)1. 

*  Arckivti  de  Physidogit  (11.)  iv.  (1S77),  pp.  63,  31a 
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marked  in  the  paralysed  than  in  the  non-pajfalyscd  parts.  Tschcschi- 
chifi  attributed  the  rise  which  he  observed  after  the  section  of  the 
medulla  to  the  removal  of  some  inhibitory  action  exerted  by  the 
higher  parts  of  the  brain  on  thermogenic  centres  lower  down. 

Hut  in  all  such  experiments  and  obserxiitions  it  is  obvious  that 
difficulties  arise  on  account  of  the  complications  introduced  by  the 
mcch.tnisms  of  the  vaso-motor  system.  We  have  already  seen,  in 
lreitin>(  of  that  system,  how  intricate  is  its  working ;  and  the  study  of 
an  elaborate  inquiry  of  Hcidenhain',  in  which  that  acute  and  careful 
observer  disciisses  in  a  particular  case  the  possibility  of  a  direct 
nervous  regulation  of  the  generation  of  heat  and  finally  rejects  it  in 
favour  of  a  simple  vasomotor  explanation  of  the  phenomena  observed, 
will  iiiustnite  very  clearly  the  dangers  of  inferrin^j  the  existence  of  a 
distinct  thermogenic  nervous  action,  in  the  absence  of  a  criterion  more 
satisfactory  than  a  mere  rise  or  fall  of  temperature  in  this  or  that  part. 
The  only  really  satisfactory  criterion  snort  of  direct  calorimeiric 
observations  (which  as  we  have  seen  are  attended  with  tlie  greatest 
difficulties)  is  the  measurement  of  the  actual  metabolism  going  on  by 
a  quantitative  determination  of  the  carbonic  acid  produced  and  oxygen 
consumed. 

The  phenomena  of  the  rise  of  temperature  (pyrexia)  in  certain 
diseases  almost  irresistibly  suggest  the  idea  of  an  actual  increase  in 
the  production  of  heat.  And  while  miny  incidental  features,  such  for 
instance  as  the  fat  that  even  profuse  sweating  by  jaborandi  has  coro- 
paniijvely  little  effect  on  the  high  temperature  of  the  cold  stage  of 
ague'i  concur  in  indicating  that  the  rise  of  temperature  cannot  be  due 
to  A  mere  diminution  of  loss,  and  none  speak  distinctly  in  favour  of 
such  an  expLtnationt  here  also  as  in  the  experiments  quoted  above  the 
desideratum  is  a  direct  measurement  either  of  the  amount  of  heat 
given  out,  or  of  the  actual  metabolism,  as  shewn  by  the  quantities  of 
carbonic  acid  produced  and  oxygen  consumed.  Lcydcn  and  FraenkeP 
find  the  excretion  of  carbonic  acid  increased  in  the  dog  during  pyrexia ; 
and  in  all  probability  future  investigations  wiU  very  speedily  enlarge 
our  knowledge  in  this  direction* 

That  the  maintenance  of  the  temperature  of  the  wann-blooded 
mammal  during  exposure  to  cold  is  due  to  an  increased  metabolism  is 
shewn  by  the  experiments  of  CoUsanti*  who  under  Pfliiger's  guidance 
faund  that  in  guinea-pigs  cold  increases,  in  a  very  remarkable  and 
regular  manner,  both  the  production  of  carbonic  acid  and  the  con- 
SQinplion  of  oxygen,  the  ratio  of  the  oxygen  consumed  to  the  oxygen 
contained  in  the  carbonic  acid  expired  remaining  constant  dunng  the 
experiments  San«icrs-Ezn  '  had  previously  found  that  in  rabbits  the 
production  of  carbonic  acid  was  increased  by  sudden  exposure  of  the 

.  ■  Pfliiger's /frrAm,  nr,  (1870)  S04;  Md,  v,  (1872)  77. 

■  kingcr,  Lama,  Oct.  5,  1878. 

>  VIrchow'i  Archw,  Ikl.  76  (1879)  p.  1^6.  Sec  also  the  referencei  giTen 
there. 

'  Pfliiger's  jfreArp,  XtT.  (1877)  p.  9a.  Ses  a]«o  the  sohMqaent  controversy 
curried  on  in  tKm  ant]  the  fotlowtog  volume. 

»  Lodwig'i  ArheiUn^  1867. 
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bodily  surface  to  cold  and  diminished  by  sudden  exposure  to  warmth, 
and  kcihrig  and  Zuntz '  had  observed  in  rabbits  an  increase  in  boiii 
the  caibuntc  acid  produced  and  in  the  oxygen  consumed  to  re^^ult  from 
cold  baihs,  and  also  though  to  a  less  extent  trom  saline  baths.  A  strongj 
contrdst  to  the  behaviour  of  the  warm  blooded  guinea-pig,  in  vhich 
fall  of  30°  C  in  the  surrounding^  medium  actually  doubled  the  amount 
of  the  metabolism,  is  afforded  by  the  cold-blooded  frog,  in  which, 
according  to  Plliiger  and  Schulz",  repeating  the  earlier  experiments  ol 
Marchand  and  Moleschott,  cold  depresses  and  heat  exalts  the  metaboUiQ 
activity  of  the  tissues. 

The  exact  nature  of  this  metabolic  mechanism  was  indicated  by 
the  experiments  of  Zuntt  and  Rohrig',  who  found  that  in  urari 
poisoning  there  was  a  marked  diminution  of  the  bodily  metabolism 
as  shewn  by  the  quantities  of  oxygen  consumed  and  carbonic  acid 
produced  ;  these  indeed  might  fall  to  half  the  normaL  At  the  samo 
time  the  bodily  temperature  fell  considerably  ;  and  that  this  fall  was 
the  effect  and  not  the  cause  of  the  diminution  of  the  metabolism  wal 
shewn  by  the  fact  that  the  metabolism  continued  to  diminish^  whea 
loss  of  heat  from  the  body  was  prevented  by  wrappings  of  cottOQ 
wool.  While  under  urari  too,  the  metabohc  activity  was  far  \es% 
influenced  by  cold  and  other  baths. 

PHiiger  has  since  in  an  elaborate  research*  shewn  (1)  that  in  mbhtU 
poisoned  with  urari  there  is  a  large  decrease  of  metabolism^  the' 
carbonic  acid  produced  diminishing  37  4  p.  c.  and  the  oxygen  con- 
sumed 35'2  p,  c.  ;  the  normal  being  of  the  former  570  c  c.  of  thai 
latter  673  c.  c  per  kilo  per  hour,  while  the  urarizcd  animal  gav« 
357  c.c.  carbonic  acid  and  436  c.c.  oxygen,  all  measured  at  0°  C.  and 
760  mm,  mercury  ;  (2)  that  in  the  urarued  animal  increased  tempera 
ture  produces  an  increase  of  metabolism  (an  increase  of  44  c.c.  oxygea 
consumed  per  i**  C.  per  kilo  per  hour^  and  of  8r6  c.c  carbonic  acid 
produced  per  1"  C.  per  kilo  per  hour)  and  diminished  temperature  a 
diminution  of  metiibolism;  (3)  that  climinaUon  of  nervous  action  by 
section  of  the  medulla  oblongata  gives  rise  to  similar  but  less  striking 
results,  whereas  (4)  in  the  normal  animal  cold  produces^  as  has  beoi 
previously  observed,  a  njarkcd  rise  of  metabolism.  If  in  spite  of  1^ 
increased  metabolism  the  external  cold  succeeds  in  reducing  the  tem- 
perature of  the  animal,  then,  as  the  temperature  fails  a  point  is  reached 
at  which  the  reaction  of  the  nervous  system  is  powerless  against  tho 
direct  depressing  action  of  the  low  temperature  and  metabolism  19 
diminished.  Pfliiger  further  observed  that  in  the  urarized  animal,  1 
metabolism  is  not  directly  proportional  to  the  temperature  but  increase* 
with  enormous  rapidity  when  the  temperature  rises  above  the  normal. 
The  production  of  carbonic  acid  and  consumption  of  oxygen  ap- 
parently do  not  run  exactly  parallel ;  with  a  rise  of  temperature  abov 
the  normal  the  production  of  carbonic  acid  is  much  more  rapid  thaij 
the  consumption  of  oxygen,  and  conversely  when  the  temperature 
sinks  below  the  normal  the  production  of  earbonic  acid  diminishes 
'  Pfluger's  Archh\  iv.  (i870  P  57* 

•  V^\i^Kx*s  Archiv,  xrv.  (1S77)  73. 
s  Op,  cii,  and  Zunti,  Pfluger's  Archive  XII.  (1876)  p.  522. 

♦  Pfliiger'i  ArthiVt  XVlll,  (1878)  p.  247- 
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more  slowly  than  the  consumption  of  oxygen  ;  but  on  the  latter  point 
further  and  more  extended  observations  arc  needed. 

The  interpretation  which  may  naturally  be  put  on  the  results  of  the 
foregoing  experiments,  especially  of  those  with  uraristcd  animals,  is 
that  external  cold  acts  as  a  stimulus  to  the  skin,  giving  rise  to  afferent 
impulses  which,  reaching  some  central  nervous  mechanism,  give  rise 
to  ctTcrent  impulses,  and  these  in  turn  passing  10  the  muscles,  increase 

metabolic  activity  of  the^c  organs,  and  thus  give  rise  to  an  mcrc.iscd 
uctton  of  heat.  When  the  muscular  nerves  are  pamlyzed  by 
yrari,  the  efferent  impulses  can  no  longer  reach  the  muscles,  and  hence 
no  increase  of  metabolis.n  takes  place  in  them.  Pointing  in  the  same 
direction  are  the  experiments  of  Samuel',  who  found  th;»l  while  r.ibbils 
in  a  normal  condition  will  bear  exposure  to  even  severe  coUl  without 
any  great  change  in  their  bodily  temperature,  this  sinks  rapidly,  and 
death  ensues,  when  the  chief  muscular  parts  of  the  body  are  eliminated 
from  the  total  action  of  the  organism  by  ligature  of  all  four  arteries  of 
the  timbsor  by  section  of  their  main  nerve-trunks ;  the  wounds  neces- 
sary for  the  operation  producing  of  themselves  only  a  slight  effect. 
And  we  have  been  prepared  by  previous  considerations  to  look  to  the 
ntuscks  as  the  chief  source  of  heat  (p.  475). 

Although  in  the  above  experiments  the  diminution  of  metabolism 
and  of  the  production  of  heat  was  coincident  with  the  absence  of 
muscular  contractions,  it  ii  not  absolutely  necessary  to  suppose  that 
the  occurrence  of  contractions  is  essential  to  an  increase  in  tbc  pro- 
duction of  heat  In  the  cases  where  the  metabolism  was  even  largely 
increased,  muscular  contractions  (at  least  visible  muscular  contractions). 
though  sometimes  observed,  were  not  invariably  present.  And  indeed 
there  is  no  d  prion  reason  positively  contradicting  the  hypothesis  that 
the  metabolism  of  even  muscular  tissue  might  be  influenced  by  nervous 
or  by  other  agency  in  such  a  way  that  a  large  decomposition  of  the 
mus4  ular  substance,  productive  of  much  heat,  might  take  place  without 
any  contraction  being  necessarily  caused.  If  we  were  to  permit  our- 
selves to  suppose  that  the  contractile  material,  whose  metabolism  when 
resulting  in  a  contraction  gives  rise  to  so  much  heat,  could  undergo 
the  same  amount  of  metalXilism,  in  so  far  a  different  fashion,  that  all 
the  energy  thereby  set  free  took  on  the  form  of  heat,  variations  in 
the  temperature  of  the  body,  at  present  difficult  to  understand,  would 
become  readily  intelligible. 

Although  the  experiments  of  Pfliigcr  have  been  chiefly  directed 
towards  the  thermotaxic  nervous  mechanism  by  which  external  cold 
is  made  to  increase  metabolism,  wc  may  fairly  suppose  that  a  com- 
plementary mechanism  by  which  metabolism  may  be  diminished  al>o 
exists,  a  sort  of  inhibitory  thermotaxic  mechanism.  And  this  suggests 
that  pyrexia  or  fever  is  the  result  of  a  paralysis  or  suspension  of 
this  mechanism,  the  metabohsm  of  the  body  running  riot  so  to  spe:ik« 
in  the  absence  of  directive  and  restraining  nervous  influences,  Cola- 
lanti  •  makes  the  interesting  observation  that  in  a  guinea-pig  suffering 
from  pyrexia  the  usual  reaction  towards  external  cold  was  absenL 

'  Utb*r  dit  EmtsUkuHg  der  EigemvAme,  jHc.,  Leipog,  1874 
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Bernard  *  felt  justified  in  speaking  roost  distinctly  of  *  therrao^oiic  ' 
or  'calorific'  and  of  *frigorific'  nerves,  in  complcle  analog^'  uitli  vaso* 
dilator  and  vaso-constrictor  nerves.     He  states'  that  after  division 
one  cervical  sympathetic  the  temperature  of  the  ear  of  the  side  operate 
on  remains  considcrabiy  higher  than  that  of  the  other  side, 
when  the  increased  vascularity  has  nearly  diiappeaied,  thus 
that  the  former  is  not  wholly  dependent  on  the  latter;  an^  *, 
confimis  this.     Ilemard*  also  observed,  after  divi^sion  of  the  a 
sympathetic  on  one  side,  that  a  stimulation  of  the  central  end 
divided  auricular  nerve  sufficiently  intense  to  give  rise  to  pain,  oc( 
stoned  on  the  side  in  which  the  sympathetic  was  intact,  a  fall  (of 
much  ai  2'  C.)  of  temperature  in  the  ear,  unaccompaHUti  by  any  p^lU 
while  on  the  side  on  which  the  syinpathetic  had  been  divided^  a  rij 
of  temperature  was  at  the  same  time  observed.     That  is  to  say,  tl 
sensation  of  pam  gave  rise,  by  reflex  action  through  the  intact  cervic 
sympathetic,  to  a  refrigeration  of  the  ear,  without  any  vascular  chanj 
in  the  ear  and  in  spite  of  an  increased  temperature  of  other  paits 
the    body.      In  the  submaxillary   gland   he    found,   as    Ludwig 
Spiess  had  previously  shewn   (see  p.   476),   that  stimulation    of  tl 
chorda  tympani  produces  a  rise  of  temperature,  and  he  states  tl 
the  rise  manifested  itself,  though  to  a  less  degree  than  in  normal  cir- 
cumstances, even  when  all  the  vessels  were  cut  or  when  the  veins  were 
ligatured.     On  the  other  hand  he  obtained  a  fall  of  temperature  when 
the  sympathetic  was  stimulated,  a  fall  moreover  which  he  asserted  to 
be  still  recognizable  after  division  of  the  blood-vessels  or  ligature  of 
veins  of  the  gland.     If  it  could  be  shewn  that  under  stimulation 
the  sympathetic  a  fall  of  temperature  at  all  corresponding  to  the 
obtained  by  Ludwigand  Spiess,  manifested  itself,  Bernard's  view 
the  sympathetic  \^  par  gxcelicnce  a  frigorific  ner\'e,  while  the  eercbi 
spinal  nerves  contain  all  the  calorifaciant  fibres,  would  receive  a  strfkii 
confirmation.      IJut  these  experiments  of  Bernard's  need  repetitit 
and  Heidenhain'ss  observations,  as  far  as  they  go,  point  to  a  sligl 
rise  rather  than  a  fall  of  temperature  as  the  result  of  sympathc 
stimulation. 

By  regulative  mechanisms  of  this  kind  the  temperature  of 
warm-blouddd  animal  is  maintained  within  verj^  narrow  linuts* 
ordinary  health  the  temperature  of  man  vanes  betvveen  36*  atf 
38">,  the  narrower  limits  being  36*25*'  and  37*5'^,  when  the  tb 
roometer  is  placed  in  the  axilla.     In  the  mouth  the  reading  of 
thermometer  is  somewhat  (*2  5<' to  1*5^)  higher;  in  tlie  rcctiiin 
is  still  higher  (about  -9"*  C.)  than  in  the  mouth.     The  tcmpenti 
of  infants  and  children  is  slightly  higher  and  much  more  siis< 
tible  of  variation  than  that  of  adults,  and  after  40  years  ofuge  the 

■  Chaltur  AnimaU  {\%'j6),  pasitm.  »  Op.  cU,  p.  2S3. 

J  (Quoted  l>y  licmarrl  toe.  cit.  The  obscr\?ations  of  Goliz;^  see  p,  184,  on 
foot  of  ih«  dog  Would  seem  to  shew  th^t  this  at  lea<:r  doch  iiut  hold  good 
the  sciatic  nerve 

<  £>/.  Ht,  p.  295.  s  Brnfau.  SfuUit,  iv.  (1^)68). 
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average  maximum  temperature  (of  health)  is  somevvhal  lower  than 
before  that  epoch.  A  diurnal  variaiioDt  independent  of  food  or 
other  circumstances,  has  been  observed',  the  maximum  ranging 
from  9  A.M.  to  6  p.m.  and  the  minimum  from  11  p.m.  to  3  a.m. 
Meals  <^use  sometimes  a  slight  elevation,  sometimes  a  slight 
depression,  the  direction  of  the  influence  depending  on  the  nature 
of  tiie  food  :  alcohol  seems  always  Co  produce  a  fall  Exercise 
and  variations  of  external  temperature,  within  ordinary  limits, 
cause  very  slight  change,  on  account  of  the  compensating  in- 
fluences which  have  been  discussed  above.  The  rise  from  even 
active  exercise  does  not  amount  to  i**  C.  ;  when  labour  is  carried 
to  exhaustion  a  depression  of  temperature  may  be  observed.  In 
travelling  from  very  cold  to  very  hot  regions  a  variation  of  less 
than  a  degree  occurs,  an<i  the  temperature  of  tropical  inhabitants 
is  practically  the  same  as  those  dwelling  in  arctic  regions. 

When  external  cold  or  warmth  passes  certain  limits,  or  when 
dtiring  the  application  of  these  agents  the  regulative  mechanisms 
are  interfered  with,  the  temperature  of  the  body  may  be  lowered 
or  raised  until  death  ensues.  When  the  cold  or  wannth  applied 
is  not  very  great,  as  in  cold  and  warm  baths,  it  has  been  noticed 
that  the  temperature  is  more  easily  raised  by  warmth  than  de- 
pressed by  cold.  Death  ensues  from  extreme  cold  by  a  depression 
of  the  activities  of  all  the  tissues,  more  especially  of  the  nervous ; 
asphyxia  is  produced  in  animals  when  the  fall  of  temperature  is 
rapid.  Puppies  can  be  recoveretl  after  the  temperature  in  the 
rectum  has  fallen  to  about  4"  or  5*=*  C.,  and  hybemating  mnmmals 
may  be  cooled  with  impunity  down  to  nearly  freezing-point. 
Horvath*  observed  when  external  warmth  is  brought  to  bear  on 
a  mammal  in  such  a  way  as  to  cause  a  rise  of  temperature  in  the 
body,  death  ensues  when  an  elevation  of  about  6°  or  7*  C.  above 
the  normal  is  reached  ;  and  Bernards  places  the  lethal  bodily 
teroperattire  of  a  mammal  at  about  46°.  The  exact  cause  of  the 
death  has  not  been  as  yet  sufliciently  explained.  It  cannot  be 
due,  a&  Bernard  suggests,  to  the  muscles  entering  into  rigor  caloris, 
for  the  animals  frequently  succumb  before  this  takes  place,  A 
high  temperature  makes  the  heart  irregular,  and  finally  stops  its 
beat,  but  probably  other  tissues  are  also  injuriously  affected,  $0 
that  death  cannot  be  attributed  to  the  stoppage  of  the  heart 
•lone. 

One  of  the  most  marked  phenomena  of  starvation  is  the  fall  of 
temperature,  which  becomes  very  rapid  during  the  last  days  of 

•  Ringer.  /Vw.  Rey,  Soe,^  xvu,  p.  aSy ;  t^u/  xwi.  (1877)  p.  186. 

•  C^./.  Med.  VVus,,  i87r,  p.  513. 
'  £^.  sm  la  Chmlmr  Ammalt^  1S74 
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life.     Indeed  the  low  temperature  of  the  body  is  a  poweiful  fa<l( 
in  bringing  about   death,  for  life  may  be  much    prolonged 
wrapping  a  starving  anin3:il  in   some   bad  conductor   so  as 
economise  the  bodily  heat^ 


Sec.    5. 


The    Influence    of    the     Nervous    Svstkh 
Nutrition. 


In  the 


reding 


precetlmg  sections  we  had  more  than  once  to  refer  W 
the  possibility  of  the  nervous  system  having  ihe  power  of  dircciiy 
affecting  the   metabolic   actions  of  the    l>ody,   apart   fi-ora   any 
irritable,    contractile,  or    secretory    manifestations.      Thus    the 
phenomena  of  diabetes  cannot,  at  present  at  all  events,  be  sari* 
factorily  explained  as  a  purely  vasomotor  effect,  and  the  productioi 
of  heat  is,  as  we  have  seen,  under  the  special  guidance  of  the 
nervous  system.     In  treating  of  the  salivary  glands  we  met  with 
the  striking  fact  that  when  all  the  nenes  of  the  gland  have  been 
divided,  and  a  *  paralytic '  secretion  set  up,  the  tissue  of  the  gJan< 
may  ulrimately  degenerate*     This  result  differs  from  the   wastioj 
of  a  muscle  which  follows  upon  severance  of  its  motor  n en' c,  sino 
this  may  be,  partly  at  all  events,  explained   by  the  fact  that  ih 
muscle    is    no    longer    fijnciional ;     and   indeed,   if  the  muscJ 
is  rendered  functional,    if  it  is   directly  stimulated    for  instance 
from  time  to  time  with  a  galvanic  current,  the  atrophy  may  hi 
postponed  or  even  altogether  prevented.     But  the  salivary  glan< 
in  the  case  in  question  is  functional,  it  does  go  on  secreting 
nevertheless  in  the  absence  of  its  usual  nervous  guidance  its  nutri 
tion  becomes  profoundly  affected.     We  are  not  justifit^d  in  sayin; 
that  in  this  case  the  nutrition  of  the  salivary  cell  is  directly  depcn^ 
dent  on  the  nervous  system,  because  all  biological  studies  teacli 
us  that  the  growth,  repair,  and  reproduction  of  protoplasm  may  g< 
on  quite  independently  of  any  nervous  system,  and  the  nutritioi 
of  the  nervous  system  itself  cannot  be  de[>endent  on  the  action  e 
that  system  on  itself,  but  we  may  go  so  far  as  to  infer  that  th< 
nutrition  of  the  salivary  cell  is  in  the  complex  anmial  body  s^ 
arranged  to  meet  the  constantly  recurring  influences  brought  tt 
bear  on  it  by  the  nen^ous  system,  that,  when  those  influences 
permanently   withdrawn,    it   is   thrown    out   of  equilibrium  j    ll 
molecular  processes,  so  to  speak,  run  loose,  since  the  bit  has  be« 
removed  from  their  mouths.     And  we  might  expect  that  sitnilai 
instances  would  be  met  with  where  nutrition  became  abnormal  afti 
the  removal  of  wonted  nervous  mfluences.     Such  instances  indi 

■  Cbossat*  /tscA,  £sp,  mrflnamtHm^  Parij.,  1S43. 
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are  not  uncommon ;  the  most  familiar  being  perhaps  the  rapid 
occurrence  of  bed-sores,  in  consequence  of  injuries  to  or  of  dis- 
ease of  the  spinal  cord  or  braixi.  And  there  are  many  pathological 
phenomena,  mflaoimation  itself  to  begin  with,  which  seem  inex- 
phcable,  except  when  regarded  as  the  result  of  nervous  action*  In 
all  these  cases,  however,  there  are  many  attendant  circumstances 
to  be  considered  before  we  can  feel  justified  in  speaking  of  any 
direct  influence  of  the  nervous  system  on  nutrition,  of  any  specific 
action  of  what  have  been  called  •  trophic '  nerves.  Perhaps  the 
instance  which  has  been  best  worked  out  is  the  connection  of  the 
nutrition  of  the  eye  and  face  with  the  fifth  or  trigeminal  nerve. 
When  in  a  rabbit  the  trigeminus  is  divided  in  the  skull  there  is  loss 
of  sensation  in  those  parts  of  the  face  of  which  it  is  the  sensory 
nerve.  Very  soon,  within  twenty-four  hours,  the  cornea  becomes 
cloudy  'f  and  this  is  the  precursor  of  an  inflammation  which  may 
involve  the  whole  eye  and  end  in  its  total  disorganisation.  At  the 
same  time  the  nasal  chambers  of  the  same  side  are  inflamed^  and 
very  frequently  ulcers  make  their  appearance  on  the  lips  and  gums. 
Seeing  how  delicate  a  structure  the  eye  is,  and  how  carefully  it  is 
protected  by  the  mechanisms  of  the  eyelids  and  tears,  it  seems 
reasonable  to  suppose  that  the  inflatnroahon  in  question  might 
simply  be  the  result  of  the  irritation  caused  by  dust  and  contact 
with  foreign  bodies,  to  which  the  eye,  no  longer  guided  and  pro- 
tected by  sensations,  these  being  destroyed  by  the  section  of  the 
nerve,  became  subject.  In  the  same  way  the  ulcers  on  the  lips 
and  gums  might  be  explained  as  injuries  inflicted  by  the  teeth 
on  those  structures  in  their  insensitive  condition.  And  Snellen 
found  that  the  inflammation  of  the  eye  might  be  greatly  lessened 
or  altogether  prevented  if  the  organ  were  carefully  covered  up 
and  m  all  possible  ways  protected  from  the  irritating  influences 
of  foreign  bodies.  Other  observers  however  have  failed  to  pre- 
vent the  inflammation  in  spite  of  every  care.  This  negative 
result  is  in  itself  no  strong  argument,  but  the  question  cannot 
yet  be  considered  as  entirely  cleared  up. 

Sinitzen  found  that  after  removal  of  the  superior  cervical  sympathetic 
ganglion,  the  inflammatory  effects  of  section  of  the  trigeminus  were 
very  much  lessened.  Sinkien's  explanation,  that  the  tissues  of  the 
face  become  lebs  irritable  after  removal  of  the  ganglion,  seems,  how- 
ever, hardly  satisfactory*  According  to  Mcrkel  •  the  infUnimatory 
fihenomena  depend  on  a  particular  portion  of  the  ncr%e  being  dividecL 
Ic  slates  that  if  a  certain  tract  along  the  inner  border  of  the  nerve 
be  alone  cut,  there  is  no  loss  of  sensation  either  in  the  cornea  or  other 
parts  of  the  face,  but  yet  inflamroauoo  corner  on  as  usual ;  if,  on  the 

"  Untenmk,  Anai,  Imi.  R^Hodk^  p.  I. 
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other  hand,  the  whole  nerve  with  the  exception  of  this  tniet 
carefuUy  divided,  no  infltunmation  ensues  though  sensation  is  lo^t 
Merkcl  traces  the  fibres  forming  the  inner  border  to  a  deep  ungnii 
different  from  that  of  the  rest  of  tlie  nerve.  if  these  rcsulis  be 
corroborated,  the  trigeminus  must  be  held  to  contain  '  trophic  * 
fibres. 

In  a  mammal  division  of  both  vagi  ts  followed  by  pneumonia 
(inflammation  of  the  lungs)  ending  in  death.  This  has  been  adduced 
as  an  instance  of  the  trophic  action  on  the  pulmonary  tissues  of  certain 
fibres  of  the  vagi ;  but  the  real  explanation  seems  to  be  that,  owing  to 
a  paralysis  of  the  crsophagvis  and  larynx  caused  by  section  of  ihc 
vagi,  food  accumulating  in  the  pharynx  passes  into  the  air-passages 
and  so  sets  up  the  pneumonia.*  In  birds  death  follows  someiimta 
from  pneumonia  of  a  similar  causation,  but  more  frequently  from 
inanition  on  account  of  the  food  not  being  able  to  enter  the  siotiiach. 
The  immediate  cause  of  death  however  is  in  many  cases  at  all  events 
a  paralysis  of  the  heart,  and  according  to  Eichhorst",  the  histological 
changes  (acute  fattydcgcneration)  in  the  cardiac  muscle  are  of  such 
a  character  as  to  suggest  a  trophic  action  of  the  vagus  fibres  on  that 
tissue  ;  he  also  finds  similar  changes  in  the  hearts  of  rabbits.  The 
matter  however  requires  further  elucidation. 

Such  instances  of  nerves  manifesting  even  a  doubtful  trophic 
action  are  rare ;  yet  there  seems  to  be  no  reason  why  the  fifth 
nerve  or  the  vagus  should  be  conspicuous  in  possessing  trophic 
fibres.  When  the  sciatic  nerve  of  the  frog  is  divided,  no  nutri- 
tive alterations  beyond  those  explicable  as  the  result  of  loss  oi 
function  are  observed ;  and  indeed  the  majority  of  the  effects 
on  growth  and  nutrition  resulting  from  the  sectun  of  nerves,  or 
from  paralysis,  can  be  referred  to  the  absence  of  the  usual  func 
tional  activity,  accompanied  in  some  cases  with  an  altered 
vascular  supply.  Nevertheless  the  numerous  phenomena  of  dis- 
ease, joined  to  the  facts  mentioned  above,  turn  the  balance  ot 
evidence  in  favour  of  the  view  that  some  more  or  less  direct 
influence  of  the  nervous  system  on  metabolic  actions,  and  so  on 
nutrition,  will  be  established  by  future  inquiries. 

The  influence  which  light  acting  on  the  retina  appears  to  exercise 
on  the  metabolism  of  the  body  may  be  quoted  as  an  dlustration  of  the 
statement  just  madc.^ 

Among  the  pailiulogical  facts  which  may  be  quoted  as  suggestive 
of  trophic  action  are  the  occurrence  of  certain  eruptions,  such  as 
Uchen,  zona,  ecthyma,  &c.,  in  various   spinal   or   cerebral  diseases, 

*  CT.  Steiner.  ArcA.  /.  Ana/,   w.  /'-I/j.,    1878  (Phys,-^  Abtk),  p,  218^  tod 
references  I  here  given. 

*  Die  tn^ischen  BesuhungentUr  /Vervi 7/ttj^  turn  Hersmuskfl  (Berlin,  1 879) 
Cf,  «1m}  Zander,  Pfluger's  .'/rr^n^-,  xix  (1879)  p.  263. 

>  Cf.  Pfliiger  and  Vun  Platen,    PfUiger's  Ankiv^  xi.  (1875)  pp.  263,  fjx 
Fwbini,  Molcschott's  Untcrmch.  XL  (1876)  p.  488. 
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frequently  accompanied,  as  in  maladies  afiecting  the  posterior  comuaf 
with  intermittent  pains  ;  the  rapid  and  peculiar  degeneration  of  and 
loss  of  coniracLility  in  the  skeletal  muscles  in  certain  affections  of 
the  spinal  cord,  the  changes  in  the  muscles  being  more  rapid  and  pro- 
found than  in  the  nerves ;  the  ?o-c.*Ucd  acute  bed-sores  of  cerebral 
apoplexy  j  some  at  least  of  the  cases  of  vesical  afflictions  attemlant 
on  spinal  or  cerebral  diseases  or  injuries  ;  the  more  rapid  atrophy  and 
loss  of  contractility  which  is  seen  in  muscles  after  contusions  than 
titer  sections  of  nerves  ;  and  indeed  the  general  phenomena  and 
especially  the  topography  of  the  eruption  of  a  large  number  of  cula- 
neous  diseases.  The  pathological  evidence  of  •  trophic  *  action, 
though  indirect,  affords,  by  its  abundance  and  prominence,  a  striking 
contrast  to  the  scanty  and  uncertain  indicaUons  of  experimental 
in4uiry. 


Sec  6,     Dietetics. 


Wc  may  sum  up  the  main  results  of  the  previous  sectiona 
somewhat  in  the  following  way.  Although  the  body  consists, 
like  the  food,  of  proteids,  fats  and  carbohydrates,  yet  the  con- 
version of  the  one  into  the  other  is  not  direct.  Assimilation  does 
not  proceed  in  such  a  way  that  the  proteids  of  the  food  all  become 
the  proteids  of  the  body,  the  fats  of  the  food  the  fats  of  the  body, 
and  the  starch  and  sugar  of  the  food  the  glycogen,  dextrin,  and 
sugar  of  the  body.  We  cannot  even  say  that  the  non-nitrogenous 
food  supplies  alone  the  non -nitrogenous  parts  of  the  body,  while 
the  nitrogenous  food  remains  as  the  sole  source  of  the  nitrogenous 
tissues.  We  have  seen  that  under  all  circumstances  a  certain 
quantity  of  proteid  food  is  immediately  metabolized,  probably 
while  still  within  the  alimentary  canal,  and  that  when  an  excess 
of  proteid  food  is  taken  a  luxus  consumption  leads  to  the 
accumulation  of  bodily  fat  On  the  other  hand,  we  find  that 
a  large  proportion  of  tlic  carbonic  acid  of  the  egesta  conies  from 
the  metabolism  of  nitrogenous  tissues,  such  as  mtiscle ;  and  we 
have  had  proof  that  the  energy  set  free  by  muscular  contraction 
may  be  far  greater  than  could  be  supplied  by  the  proteid  food 
taken,  and  that  therefore  the  non -nitrogenous  factors  of  the 
metabolism  which  set  free  the  energy  must  have  ultimately  come 
from  non-nitrogenous  food.  We  have  abundant  evidence  that 
the  various  food-stuffs  become  more  or  less  metabolised,  and  their 
elements  more  or  less  rearranged  and  mixed  before  they  appear 
as  constituents  of  the  bodily  tissues. 

We  have  seen  that  the  oxidations  of  the  body  arc,  as  ia  the 
case  of  muscle,  of  a  i>eculiar  character,  and  carried  on  by  the 
tissues  themselves.  While  at  present  we  should  be  hardly  justified 
in  denying  that  any   oxidatiotis  at  all  take  place  in  the  blood 
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pliLsma,  such  as  do  occur  must  be  slight  in 
with  ihoHC  going  on  in  the  tissues.  We  might  also  saj 
budy  only,  viz.  lactic  acid,  presents  itself  as  a  $ubstaj>ce 
be  directly  oxidized  in  the  blood  itself;  and  even  with 
this  the  evidence  is  as  much  against  as  for  any  such  direct 
taking  place.  The  great  mass  of  the  oxidation  of  the  bodjr 
jin  indirect  kind,  determined  by  the  activity  of  the  sevcfai 
The  blood  serves  as  an  oxygen  carrier  for  the  tissues ;  and  k  fi 
not  itself  tlie  large  combustion  agent  it  was  once  tbooght  to  be. 
The  leiulcncy  of  all  recent  inquiries  is  to  shew  that  the 
cannot  be  compared,  cither  as  a  whole,  or  in  its  parts,  to 
furnace  for  the  direct  combustion  of  combustible  food.  On 
contrary,  wc  are  driven  nearer  and  nearer  to  the  condusioo 
all  iood  which  has  become  absorbed  into  the  blood  must 
tissue  before  it  becomes  waste  product,  and  only  becomes  waste' 
product  through  a  metabolism  of  the  tissue,  Wlien  wc  si 
•  become  tissue '  we  must  leave  it  at  present  whoUy  und 
how  far  the  constant  metabolism  which  this  view  demands 
the  so-called  structural  elements  of  the  more  highly  o: 
tissues  J  it  is  quite  open  however  for  us  to  imagine  that  in 
for  ioslaoce,  there  is  a  framework  of  more  stable  m:' 
to  the  muscular  fibre  its  histological  features,  and  u 
comparatively  slight  and  slow  metabolism,  while  the  energ> 
out  by  muscle  is  supplied  at  the  expense  of  more  tluctu 
molecules  which  fill  up  so  to  speak  the  interstices  of  the  more 
durable  frame-work,  and  metabolism  of  which  alone  is  large  and 
rapid 

The  characteristic  feature  of  proteid  food  is  that  it  increftses 
the  oxidative,  metabolic  aotivity  of  the  tissues,  leading  to  a  rapid 
consumption,  not  only  of  itself,  but  of  non-nitrogenous  food  as 
well.  Where  therefore  a  rapid  renewal  of  the  tissues  is  sought  for, 
an  excess  of  proteid  food  may  be  desirable.  But  it  must  be  bonie 
in  mind  that  by  the  very  nature  of  its  rapid  metabolism,  proteid 
food  must  tend  to  load  the  body  with  the  so-called  exiracttvei, 
f>.  with  nitrogenous  crystalhnc  bodies.  How  far  these  arc  of 
use  to  the  body,  and  what  part  they  play,  Is  at  present  unknown 
to  us.  That  they  are  of  some  use  is  suggested  by  the  beneficial 
effects  of  the  exfractum  carttis  when  taken  as  food  in  conjunctiou 
with  non-nitrogenous  material,  though  it  is  possible  that  the 
dietetic  value  of  this  preparation  may  be  due  to  the  small  amount 
of  non-crystalline  extractives  which  it  contains.  That  when  in 
excess  these  nitrogenous  products  may  be  highly  injurious  is 
indicated  by  the  little  we  know  of  the  connection  betft'een  the 
Bymptoms  of  gout  and  the  presence  of  uric  acid.     A  large  meAl 
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of  proteid  material  must  tax  the  system  to  the  utmost  in  arising 
rid  of  or  stowing  away  the  nitrogenous  cr)'stalline  bodies  getting 
through  the  luxus  consumption  either  tn  the  alimentary  canal  or 
in  the  liver. 

One  value  of  fats  and  carbohydrates  lies  in  their  being  sources 
of  energy,  more  than  three-fourths  of  the  normal  income  of  potential 
energy  coming  from  them  (p.  469) ;  and,  as  we  have  seen,  they 
are  ultimate  sources  of  muscular  energy  as  well  as  of  heat  But 
their  great  characteristic  is  that  they  do  not,  like  proteid  food, 
excite  the  metabolic  activity  of  the  body.  Hence,  to  a  far  greater 
extent  than  is  the  case  with  proteid  food,  they  can  be  retained 
and  stored  up  in  the  body  with  comparative  ease.  The  digested 
elements  of  fatty  or  carbohydrate  food  which  go  to  form  the 
protoplasm  of  adipose  tissue,  become  part  and  parcel  of  a  sub- 
stance which  can  perform  its  metabolism  without  any  explosive 
expenditure  of  energy,  and  which  therefore,  instead  of  giving  rise 
to  bodies  demanding  immediate  excretion  from  the  system,  can 
deposit  its  metabolic  products  as  apparently  little,  but  as  we  have 
seen  in  reality  greatly,  changed  faL  In  this  way  the  non-nitro- 
genous food  of  to-day  is  rendered  available  for  future  and  even 
far  distant  wants. 

In  comparing  fats  with  carbohydrates,  we  can  only  point  to 
the  much  greater  potenrial  energy  of  the  former  than  of  the  latter, 
weight  for  weight  (see  p.  469). 

A  diet  may  be  chosen  either  for  the  simple  maintenance 
of  health,  or  for  the  sake  of  muscular  energy,  or  for  fattening 
purposes.  For  the  first  purpose  there  is,  we  may  suppK>se,  a 
normal  diet ;  and  in  the  case  of  man,  insrinct  and  experience  have 
probably  not  erred  far  in  choosing  some  such  proportions  as  those 
given  on  p,  457.  If,  as  we  have  urged,  all  food  becomes  tissue 
before  it  leaves  the  body  as  waste  product,  the  dominant  principle 
of  all  nutrition,  and  the  ultimate  tribunal  of  all  questions  of  diet, 
must  be  the  individual  character  of  the  tissue,  the  idiosyncrasy  of 
the  body.  The  same  mysterious  qualities  which  cause  the  same 
blood-plasma  to  become  here  a  muscle,  and  there  a  secrering  cell, 
convert  the  same  food  into  the  body  of  a  man  or  of  a  sheep.  All 
the  simpler  and  more  general  laws  of  metabolism  are  made  sub* 
servient  to  more  intricate  and  special  laws  of  protoplasmic  con- 
structioa  We  can  only  speak  of  a  normal  diet  in  the  same  way 
that  we  speak  of  the  average  intelligence  of  man. 

In  seeking  to  supply  such  a  normal  diet  out  of  ordinary 
articles  of  focd,  we  must  bear  in  mind  that  the  nutritive  value 
of  any  substance,  estimated  in  terras  of  the  potential  energy  of 
Ibe  protcids,  fats,  or  carbohydrates  il  cootains,  tlv^xsX  ol  cn^u^ft.  \i^ 
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corrected  by  its  digestibUity,     One  giamme  of  €:hcc8c  hasy  as  L- 
as  p^  *  -V  is  coocemcd,  an  esoeedii^ly  high  value;  !•: 

the  1  o(  cheese  brings  its  nuiriijve  valoe  ta  a  vr- 

low  level.      Here   too  the  factor  of  tdiosyacrsLsy    makes  nsdf 
cjcceedingly  fell. 

In   feeding   for  fattening   purposes  the  comparatively  che 
carbohydrates  are  of  course  chiefly  depended  on.      If  the  vn 
mentioned  on  p.  465  be  correct,  that  the  fat  really  stored  np  ill 
comes  from  proteid  metabolism,  an  equivalent  of  this  food-stcif 
must  always  be  given.     If,   as  seems  probable,   this  view  is  t 
loo  hurried  gencrahsation,  there  still  remains  the  possibility  that 
for  economical  fattening,  with  the  least  waste,  a  certain  proporti 
between  the  nitrogenous  and  non -nitrogenous  foods  must  alwa), 
be  maintained. 

From  what  has  been  previously  said  it  is  evident  that  prt>te9d 
food  is  not  the  only  food-stuff  to  be  regarded  in  selecting  a  d^* 
for  muscular  labour.  We  should  however  equally  err  in  the 
opposite  direction  if  we  selected  exclusively  non  nitrogenous  food 
on  which  to  do  work,  since,  as  we  have  seen,  there  is  no  evidence 
that  the  fats  or  carbohydrates  are  the  dV>v^,  lliough  they  may  k- 
in  pan  the  ultimate  source,  of  muscular  energy.  Considering  b|^H 
complex  a  thing  strength  is,  how  much  it  depends  on  tiie  V!igd|^H 
of  parts  of  the  body  other  than  the  muscles,  a  nonna]  diet, 
calculated  to  develope  equally  all  parts  of  the  body,  is  probably 
the  best  diet  for  active  labour.  It  is  possible  however  that  aa 
excess  of  proteid  food,  by  reason  of  the  renewal  of  tissue  caosed 
by  its  metabolic  activity,  may  be,  in  such  cases,  of  service. 

Lastly,  the  several  saline  matters,  including  the  extractives  d 
animal  and  vegetable  food,  arc  no  less  essential  elements  of  % 
diet  than  proteids,  fats,  or  carbohydrates.  Of  use,  not  for  the 
energy  they  themselves  possess^  but  by  reason  of  their  regolaiing 
the  energy  of  the  foodstuffs  more  strictly  so  called,  they  are 
necessary  to  life :  the  body  in  their  absence  fails  to  carry  out  it» 
usual  metabolism,  and  disease  if  not  death  follows. 

The  dietetic  superiority  oF  fresh  meat  and  vegetables  depc 
part  on  their  still  retaining  these  various  saline  and  extractive  n 
A   diet   from    which    phosphorus  (or  even  possibly  phosphates  .  01 
chlorides,  or  potash,  or  soda  salts  are  absent,  is^  as  soon  as  the  store 
of  the  substance  in  the  body  is  exhausted,  useless  for  nuthtii*^  r--^- 
poses.     Calcium  and  mag^nesium  may,  to  a  certain  evtent,  be  r- 
by  bases  closely  allied  to  them  ;  but  the  metabolic  rSii  of  pho 
ur  of  sulphur  cannot  be  taken  up  by  an  analogous  body  ;  ariti 
illustratca  by  their  disiribution  in  the  body,  the  physiological  fun 
of  potash  and  soda  are  widely  difierent  if  not  antagonistic^  dw!»ely 
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allied  as  are  these  two  alkalis  when  regarded  from  a  chemical  point  of 
view.  Like  medicines  and  poisons — and  indeed  ihcy  arc  in  a  manner 
natural  medicines— the  action  of  these  bodies  depends  in  part  on  their 
dose.  Indispensable  as  are  potash  salts  to  the  economy,  a  large  dose 
of  them  is  injurious;  and  a  dog  fed  on  nothmg  but  Liebig^s  extract 
dies  sooner  than  a  dog  not  fed  at  all,  on  account  of  the  potash  salts 
of  the  extract  exerting  their  deleterious  influence  in  the  absence  of  the 
food  whose  metabolism  their  function  is  to  direct. 

The  physiology  of  nutrition  may  be  said  to  have  been  founded  by 
Licbig,  when  he  proved  the  formation  of  fat  in  the  animal  body,  aad 
published  his  views  on  the  nature  and  use  of  food.  The  labours  of 
Rcgnault  and  Reiset '  added  much  to  our  knowledge  of  the  Statistics 
of  Respiration.  The  first  elaborate  inquiry  mto  the  Statistics  of 
Metabolism  in  general  was  that  of  Bidder  and  Schmidt* ;  this  was 
followed  by  the  investigations  of  the  Munich  school,  vit.,  Bischoff, 
Bischoff  and  Voit^,  Voil,  and  Peitenkofer  and  Voii*.  Although  we 
have  had  occasion  to  combat  some  of  the  views  of  this  school,  it 
must  be  admitted  that  their  extended  and  laborious  researches  have 
been  the  means  of  an  immense  advance  in  our  knowledge.  Their 
method  hai  been  largely  adopted,  with  excellent  results,  by  ti»e  various 
agricultural  stations  in  Germiny  ;  and  in  this  country  the  inquiries  of 
Lawes  and  Gilberts  have  given  us  information  of  peculiarly  valuable 
character,  inasmuch  as   it    is   chiefly   bubcd   on  direct  analysis  and 


observation,  and  therefore  free  from  the  possibilities  of  error  attaching 
to  mere  calculations.  If,  however,  one  Jiscovery  can  be  pointed  to  as 
influencing  our  views  of  the  nature  and  laws  of  animal  metabolism 
more  than  any  other,  it  is  that  by  Bernard  %  of  the  formation  oi 
glycogen  by  the  liver. 

L*  Jnn.  CA.  Pkyj.  (1849)  (l)  XXVI.  32. 
•  Op.  cii,                                                            >  Op,  eiL 
*  Op,  eit,  and  many  Mibscqaent  menuMn  in  the  Zi.  fiir  BM. 
•  Op,  ^it,                                                          *  Op.  cit, 
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In  studying  the  phenomena  of  motor  nerves  we  are  greatly  assisted 
by  two  facts  : — First,  that  the  muscular  contraclion  by  which  we 
judge  of  what  is  going  on  in  the  muscle,  is  a  comparalivcly  simple 
thing,  one  contraction  differing  from  another  only  by  such  features 
as  amount,  rapidity,  and  frequency  of  repetition,  and  all  such 
differences  being  capable  of  exact  measurement.  Secondly,  that 
when  we  apply  a  stimulus  directly  to  the  nerve  itself,  the  effects 
differ  in  degree  only  from  those  which  result  when  the  nerve  is  set 
in  action  by  natural  stimuli,  such  as  the  will.  When  we  come,  on 
the  other  hand,  to  investigate  the  phenomena  of  afferent  nerves, 
OMT  labours  are  for  the  time  rendered  heavier,  but  in  the  end  more 
fruitful,  by  the  facts : — First»  that  we  can  only  judge  of  what  is 
going  on  in  an  afferent  nerve  by  the  effects  it  produces  in  some 
central  nervous  organ,  in  the  way  of  exciting  or  modifying  reflex 
action,  or  modifying  automatic  action,  or  affecting  consciousness  ; 
and  we  are  consequently  met  on  the  very  threshold  of  every  inquiry 
by  the  difficulty  of  clearly  distinguishing  the  events  which  belong 
exclusively  to  the  afferent  nerve  from  those  which  belong  to  the 
central  organ.  Secondly,  that  the  effects  of  applying  a  stimulus  to 
the  peripheral  end-organ  of  an  afferent  nerve  are  very  different 
from  those  of  applying  the  same  stimulus  directly  to  the  nerve- 
trunk.  This  may  be  shewn  by  the  simple  experience  of  comparing 
the  sensation  caused  by  the  contact  with  any  sharp  body  of  a  ner\'e 
laid  bare  by  a  wound  with  that  caused  by  contact  of  an  intact  skin 
with  the  same  body.  These  differences  reveal  to  us  a  complexity 
of  impulses,  of  which  the  phenomena  of  motor  nerves  gave  us  not 
so  much  as  a  hint ;  but  for  the  time  being  they  increase  the 
difficulties  of  our  study. 

An  afferent  impulse  passing  along  an  afferent  nerve  may  in 
certain  cases  simply  proiluce  a  change  in  our  consciousness 
unaccompanied  by  any  visible  bodily  movements ;  in  other  cases 
it  may  give  rise  to  reflex  movements,  or  modify  existing  reflex  or 
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any  caxDgjt  in 

instBl  o^er  cases  it  may  bring  about  both  lenilts  at  the  sanietiiDCL 
An  aficfcnt  nerre  tbe  sdmtilatiofi  of  wbidi  gires  rise  to  a  sensaooa, 
and  so  leads  tt>  a  modificaiion  of  coosckMisiiess,  may  be  moie 
dosdy  defined  as  a  *  sensory  *  nenre.  There  is  however  no  dbtioct 
proo^  having  regaid  to  the  difficuloes  just  menttooed,  that  die 
aflereni  fibres  which  in  the  body  are  oanunooly  used  to  cause 
or  afifect  reflex  actkm  diSicr  at  all  in  land  from  those  whose  function 
it  is  to  modify  coosdoosness.  On  the  eontiary,  sach  evidence  as 
we  have  goes  to  shew  that  an  ^propriate  sttmdlus  of  the  sxme 
fibre  may  give  rise  to  one  or  other  or  both  erents  j  and  that  whether 
the  one  or  the  other,  or  both,  events  oocnr  depends  on  the  conii- 
tion  of  the  central  organ,  and  on  the  relation  of  its  sereral  parts  to 
the  afferent  nerve.  The  stimulation  of  the  same  nerve  (and  there 
are  no  positive  ^cts  which  would  preclude  us  from  saying  '  of  the 
same  tibre*)  may  under  certain  circumstances,  as  for  instance 
when  the  brain  has  been  removed,  simply  cause  a  reflex  action  and 
under  other  circumstances  give  rise  merely  to  a  sen^uioiu  Hence 
an  afferent  ntrve  is  frequently  spoken  of  as  a  sensory  nerve  even 
under  circumstances  where  there  is  no  evidence  of  consdousncfS 
being  actually  affected,  because  by  a  slight  change  of  circumstances 
the  same  stimulation  of  the  same  nerve  might  give  rise  to  a  distinct 
sensation  ;  the  substitution  of  the  specific  for  the  general  term  being 
justified  by  the  convenience  of  the  former. 

All  the  spinal  nerves  are  mijced  nerves,  composed  of  effeient 
and  alTcrcru,  of  motor  and  sensory  fibres.  When  a  spii^  nerve  is 
divided,  stiitiulalion  of  the  peripheral  portion  causes  muscular  con- 
tractidn,  of  the  central  portion,  a  sensation  (or  a  reflex  action). 
At  the  junction  of  the  nerve  with  the  spinal  cord  the  sensor}-  fibres 
are  gathered  into  the  posterior  and  the  motor  fibres  inK>  the 
anterior  root.  The  proof  of  this,  which  was  first  made  k 
Charles  Bell  and  Majondie,  their  discoveries  forming  the  K  i  i 

of  modem  nervous  pi»)"^»ology,  is  simply  as  follows. 

When  iheanicrior  rt>ot  is  divided,  the  muscles  supplied  by  the 
nerve  cease  to  he  thrown  mto  contractions  either  by  the  will,  or  b*. 
reflex  action,  while  the  structures  to  which  the  nerve  is  distribatcd 
retam  tlieir  sensibility.  During  the  section  of  the  root,  or  wlicn 
the  proximal  stump,  that  coimected  with  the  spinal  cord,  b 
stimulated,  no  sensory  effects  are  produced.  When  the  distal 
stump  is  stimulated,  the  muscles  supplied  by  the  nerve  are  thrown 
into  contractions.  When  the  posterior  root  is  divided,  the 
supplied  by  the  nerve  continue  to  be  thrown  into  actio 
exercise  of  the  will  or  as  part  of  a  reflex  action,  but  the  9 
to  which  the  nerve  is  distributed  lose  the  '  '  t\      * 
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previously  possessccL  During  the  section  of  the  root,  and  when 
the  proximal  stump  is  stimulated  sensory  effects  are  produced  When 
the  distal  stump  is  stimulated  no  movements  are  called  forth.  Th^e 
facts  demonstrate  that  sensory  impulses  pass  exclusively  by  the 
posterior  root  from  the  peripheral  to  the  central  organs,  and  that 
motor  impulses  pass  exclusively  by  the  anterior  root  from  the 
*"  central  to  the  peripheral  organs. 

An  exception  must  be  made  to  the  abov  general  statement,  on 
account  of  the  so-called  recurrent  sensibility  which  is  witnessed  in 
conscious  mammals,  under  favourable  circumstances.  U  often  happens 
that  when  the  periphiral  stump  of  the  divided  anterior  root  is  stimulated 
signs  of  pain  are  witnessed.  These  are  not  caused  by  the  concurrent 
^muscular  contractions  or  cramp  which  the  stimulation  occasions,  for 
'they  remain  if  the  whole  trunk  of  the  nerve  be  divided  some  little  way 
below  the  union  of  the  roots  above  the  origins  of  the  muscular  branches, 
so  that  no  contractions  take  place.  They  disappear  if  the  posterior 
root  be  also  cut,  and  they  arc  not  seen  if  the  mixed  nerve  trunk  be 
divided  close  to  the  union  of  the  rfx)is.  The  phenomena  arc  probably 
due  to  the  fact,  that  bundles  of  sensory  fibres  of  the  postenor  root  iifter 
running  a  short  distance  down  the  mixel  trunk  turn  b.ick  and  run 
upwards  in  the  anterior  root*  and  by  this  recurRmt  course  yivc  rise  to 
the  recurrent  sensibility.  When  the  anterior  root  is  divided  some  few 
fibres  in  it  do  aot,  like  the  rest,  degenerate,  and  when  the  posterior  root 
is  divided,  a  few  Bbres  in  the  anterior  root  are  seen  to  degenerate  like 
those  of  ihe  posterior  root. 

Concerning  the  ganglion  on  the  posterior  root,  wc  may  say 
definitely  that  it  is  neither  a  centre  of  reflex  nor  of  automatic 
acrion.  Our  knowledge  concerning  its  function  is  almost  limited 
to  the  fact  that  it  is  in  some  way  intimately  connected  with  the 
nutrition  of  the  nerve.  When  a  mixed  nerve-tnmk  is  divided,  the 
peripheral  portion  degenerates  from  the  point  of  section  down- 
wards towards  the  p)eriphcry.  The  central  portion  does  not  so 
degenerate,  and  if  the  length  of  nerve  removed  be  not  too  great, 
the  central  portion  uniting  with  the  degenerating  peripheral  portion 
may  grow  downwards,  and  thus  regenerate  the  nerve.  This  de- 
generation is  observed  when  the  mixed  trunk  is  divided  in  any 
part  of  its  course  from  the  periphery  to  close  up  to  the  ganglion. 
When  the  posterior  root  b  divided  between  the  ganglion  and  the 
spinal  cord,  the  portion  attached  to  the  spinal  cord  degenerates, 
H  but  that  attached  to  the  ganglion  remains  intact  When  the 
^■anterior  root  is  divided^  the  proximal  portion  in  connection  with 
^^  the  spinal  cord  remains  intact,  but  the  distal  portion  between  the 
I  section  and  the  junction  with  the  other  root  degenerates;  and  in 
I  the  mixed  ner%e- trunk  many  degenerated  fibres  are  seen,  which,  of 
L       they  be  carefully  traced  out,  arc  found  to  be  moiot  ^b\^&,    Ai  ^^^ 
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posterior  root  be  divided  carefully  between  tKc  gangltoii  and 
junction  with   the   anterior   root,  tlie   posterior   root   above 
ficction  remains  intact,  but  in   the  mixed  nerve-tmnk    are 
numerous  dcgenemtcd  fibres,  which  when  cxannncd  are  found 
have  the  distribution  of  sensory  fibres.     Lastly^  if  the 
ganghon  be  excised,  the  whole  posterior  root  degenerates, 
also  the  sensory  fibres  of  the  mixed   nerve-trunk,      Pu 
these  facts  together,  it  would  seem  that  the  growth  of  the 
and  sensory  fibres  takes  place  in  opposite  directions,  and 
from  different  nutritive  or  *  trophic  *  centres.     The  se 
grow  away  from  the  ganglion  either  towards   the    peripl 
towards  the  spinal  cord.     The  motor  fibres  grow  out 
the  spinal  cord  towards  the  peripherj'.     This  difference 
mode  of  nutrition  is  frequently  of  great  help  in  investiga 
relative  distribution  of  motor  and  sensory  fibres.     When 
tcrior  root  is  cut  beyond  the  ganglion,  or  the  ganglion  exc 
the  sensory  nerves  degenerate^  and   the  sensory  fibres,    by 
altered   condition^  can   readily  be   traced  in  the    mixed    n 
branches.    Conversely,  when  the  anterior  roots  are  cut,  the  moi 
fibres  alone  degenerate*  and  can  be  similarly  diagnosed  in  a  mix 
nerve-tract.     Thus  also  in  a  mixed  nen^e  like  the  vagns,  the  fib 
which  spring  from  the  reid  vagus  root  may  be  distinguished 
those   proceeding  from  the   spinal  accessory,  by  secrion  of  t 
vagus  and  spinaJ  accessory  roots  respectively ;  and  in  the  mix 
vago-sym  pathetic  trunk,  met  with  in   many  animals,  the 
fibres  may  be  distinguished  from  the  sympathetic,  since, 
section  of  the  mixed  trunk,  die  former  degenerate  from 
downwards,  whereas  the  latter  degenerate  in  an  upward  directi 
from  the  inferior  cervical  ganglion  below  to  the  superior  cervi 
ganglion  above ;    for  the  ganglia  of  the  sympathetic   behave 
this  respect  like  the  spinal  ganglia  of  the  posterior  roots.     Thi 
method  of  diagnosis  is  often  spoken  of  as  the  VV'allerian  metho< 
after  A.  Waller',  to  whom  we  are  indebted  for  the  discovery 
most  of  these  facts. 

According  to  Wundt*  afferent  impulses  suffer  a  delay  in  pas&ii 
tbroueh  the  spinal  ganglia,  reflex  acta  having  a  markedly  shorter  btc; 
period  when  they  arc  initiated  by  a  stimulus  applied  to  the  poster* 
root  than  when  the  stimulus  is  applied  to  the  mixed  nerve-trunk  jui 
below  the  ganglion.  Exner^  however  finds  that  the  negative  variatii 
travels  at  the  same  rate  through  a  spinal  ganglion  as  along  an  ordinal 
nerve -trunk. 

•  MUllcr's  j4rckiv,  1852,  p.  39a. 

•  Mcchanik  der  Ncrvm^  (1876),  2te  Abth.  p.  45, 
»  Ard    f.  Aunt,  und  Phys,,  18:7,  Thys.  Abth.  p.  567. 
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In  the  cranial  nerves  the  motor  and  sensory  tracts  are  for 
less  mixed  than  in  the  spinal  nerves.  The  olfactory,  optic  and 
acoustic  nerves  are  purely  sensory  nerves.  The  fifth  glosso* 
pharyngeal  and  vagus  are  mixed  nerves;  and  Steiner*  finds  that 
in  the  dog  the  afferent  and  efferent  fibres  are  gathered  into  fwo 
bundles  so  distinct  that  they  may  be  separated  by  the  knife,  the 
aflcrent  bundle  lying  to  the  outside  of  the  efferent  bundle. 

The  facial  and  hypoglossal  ane  for  the  most  part  motor 
(efferent)  nerves,  but  contain  sensory  (afferent)  fibres.  The  third, 
fourth,  sixth  and  spinal  accessory  are  exclusively  motor  (efferent) 
nerves.  These  statements  refer  to  what  are  commonly  looked  upon 
as  the  trunks  of  the  respective  nerves.  More  exactly  speaking,  the 
sensory  fibres  of  the  facial  come  from  the  fifth,  pneumogastnc  and 
glosso" pharyngeal  nerves,  so  that  the  facial  proper  is  in  reality  a 
purely  motor  nerve.  So  likewise  is  the  hypoglossal,  its  sensory 
fibres  coming  from  the  fifth,  pneumogastric,  and  three  upper  cer- 
vical nerves.  The  fifth  is  a  mixed  nerve  entirely  on  the  plan  of  a 
spinal  nerve,  having  distinct  motor  and  sensory  roots.  The  glosso- 
phar)Tigcal  seems  also  to  be  essentially  a  sensory  nerve,  its  motor 
filaments  springing  fi"om  the  fifth  and  facial  nerves.  Concerning 
the  vagus  some  have  maintained  that  the  pneumogastric  root 
proper  is  entirely  sensory  (afferent),  and  that  all  the  efferent  func- 
tions of  the  vagus  are  dependent  on  the  fibres  of  the  spinal  ac- 
cessory which  join  it  To  this  point  we  shall  return  when  we  come 
to  consider  briefly  the  special  function  of  these  several  nerves. 

We  have  already  stated  (p.  125)  that  isolated  pieces  of  motor 
and  of  sensory  nerves  behave  exactly  alike  as  far  as  all  the  physical 
manifestations  attendant  on  the  passage  of  a  nervous  impulse  are 
concerned ;  the  negative  variation  makes  its  appearance  in  the 
same  way  and  seems  to  have  the  same  characters  in  both  kinds  of 
ncn'cs.  The  same  is  also  true,  as  far  as  we  know,  of  nerves 
within  the  body. 

Moreover,  the  rate  at  which  nervous  impulses  travel  appeara 
to  be  about  the  same  in  motor  and  sensory  nerves ;  at  least  wc 
have  no  evidence  of  any  fundamental  difference  in  this  reject 
betH-ecn  the  twa  We  have  seen  that  the  velocity  of  a  ncnoiis 
impulse  tn  the  motor  nerve  of  a  frog  is  about  28  metres  per  sec 
The  velocit)'  of  a  motor  impulse  in  man,  as  judged  by  the  difference 
of  the  latent  period  of  the  contraction  of  the  thumb-muscles  when 
stimulation  is  brought  to  bear  on  the  motor  nerve  at  the  wrist,  or 
high  up  in  the  arm,  is  about  35  metres  per  sec.  In  warm  blomled 
animals,'  however,  the  rate  of  Uanaiiusiioo  of  motor  impul'»cs  is 
rery  variable,  being  in  particular  closely  dependent  on  temperature* 

•  ArcA,/  Amat,  umJ  Fkyt,.  187S,  Thy*.  \\aK.  ¥.  a\V 
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and  probably  also  on  other  circumstances.  Thus  Helmholtz  and 
Baxt*  obtained  a  range  from  as  low  as  30  m.  when  the  arm  was 
cooled  to  as  high  as  S9*4  ro.  when  the  arm  was  heated.  The 
velocity  of  a  sensory  impulse  is  estimated  by  measuring  the  time 
taken  between  a  stimulus  bemg  brought  to  bear  on  some  sentient 
surface,  as  the  skin,  and  the  making  of  a  signal  by  the  individual 
experimented  on  at  the  instant  that  he  feels  the  stimulus.  The 
time  taken  up  in  the  sensory  impulse  becoming  converted  into  a 
sensation  after  reaching  the  nervous  central  organs,  in  the  mental 
operation  of  determining  to  make  the  signal,  and  in  the  beginning 
to  make  the  signal,  corresponds  in  a  way  to  the  purely  rausculi- 
portion  of  the  latent  period  in  the  experiment  for  determining  the 
velocity  of  a  motor  impulse.  The  application  of  the  stimulus  and 
tlie  making  of  the  signal  {tx.  gr,  closing  a  galvanic  circuit)  being 
both  recorded  on  a  rapidly  travelling  surface,  the  time  taken  up  in 
the  whole  operation  can  be  easily  measured ;  and  the  difference 
between  the  time  taken  when  the  stimulus  is  applied  to  soaie  spot 
separated  from  the  central  nervous  system  by  a  short  piece  of 
nerve,  ex.  gr,  the  top  of  the  thigh,  and  that  taken  when  a  long 
piece  of  nerve  intervenes,  ex.  gr.  when  the  stimulus  is  applied  to 
the  toe,  will  give  the  lime  required  for  the  sensory  impulse  to  pass 
along  a  piece  of  sensory  nerve  as  long  as  the  difference  of  length 
between  the  above  two  nerves ;  from  which  the  velocity  can  be 
calculated.  Observations  carried  on  in  this  way  led  to  most  dis- 
cordant results,  varying  from  26  metres  to  94  metres,  or  even  more 
per  sec.  The  difference  here  is  far  too  great  to  allow  any  value  to 
be  attached  to  an  average.  When  it  is  remembered  how  complex 
are  all  the  central  nervous  operations  in  these  instances,  as  com- 
pared with  the  changes  going  on  in  a  muscle  during  the  latent 
period  of  its  contraction,  and  how  these  central  operations  might 
vary  according  as  one  or  other  spot  of  skin  was  stimulated,  quite 
independently  of  the  length  of  nerve  between  the  centre  and  the 
spot  stimulated,  these  discrepancies  will  not  be  wondered  at;  and 
it  may  fairly  be  concluded  that  the  velocity  of  a  sensory  impulse 
does  not  materially  differ  from  that  of  a  motor  impulse. 

There  are,  however,  certain  phenomena  which  might  at  first 
sight  be  interpreted  as  indicating  that  afferent  and  efferent  nerve 
fibres  behave  differently  towards  stimuli-  We  have  already  (p.  95) 
stated  that  accortling  to  most  observers  when  an  ordinaiy  motor 
nerve,  such  as  a  nerve  supplying  a  muscle,  is  heated,  no  indicai' 
tions  of  the  generation  of  nervous  impulses,  no  contractions  of  the 
muscle  for  instance,  are  observed  The  heat  does  not  act  as  « 
stimulus  j  it  may  increase  the  irritability  of  the  nerve  for  the  time 
*  Berlin,  MonaisberUhty  1870. 
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being,  but  apparently  cannot  originate  the  explosive  discharge 
which  we  call  an  impulse.  We  have  also  seen  that  during  the 
passage  of  a  constant  current  along  the  nerve  of  a  muscle-nerve 
preparation  no  contractions  ore  visible,  no  impulses,  save  in  certain 
particular  cases,  are  generaterl,  so  long  as  the  current  is  not 
suddenly  varied  in  strength.  But  Griitzner'  finds  that  when 
afferent  nerve-fibres,  such  as  those  in  the  central  stump  of  the 
divided  sciatic  or  in  the  central  slump  of  the  vagus,  are  healed  to 
45°  or  50°  events  occur,  dearly  proving  that  impulses  are  generated 
in  the  afferent  fibres  by  the  elevation  of  temperature.  In  the  case 
of  the  sciatic  the  animal  shews  sign  of  pain,  the  blood-pressure  is 
affected,  &c. ;  and  in  the  case  of  the  vagus  the  heart  is  slowed  by 
reflex  inhibitory  impulses  passing  down  the  other,  intact,  vagus, 
though  heating  the  peripheral  instead  of  the  central  stump  of  the 
divided  vagus,  has  no  effect  whatever  on  the  heart-  Similarly 
when  the  same  nerves  or  other  nerves  containing  afferent  fibres 
arc  submitted  to  the  action  of  the  constant  current,  there  are  like 
evidences  of  the  continued  generation  of  nervous  impulses  during 
the  whole  time  of  the  passage  of  the  current,  even  though  it  be 
kept  as  uniform  in  suength  as  possible.  On  the  other  hand  many 
chemical  iubsianccs  which  act  as  powerful  stimuli  to  motor  nerves 
are  ineffectual  towartls  afferent  fibres.  These  results,  however, 
until  the  contrary  is  proved  by  further  inquiries  into  the  phe- 
nomena attending  the  generation  and  transmission  of  nervous 
impulses,  may  be  taken  as  indicating  not  so  much  that  the 
afferent  and  efferent  fibres  are  themselves  acted  upon  in  a 
different  way  by  heal  or  by  the  constant  current  as  that  the 
molecular  disturbances  generated  in  both  cases  have  different 
effects  according  as  they  impinge  upon  a  central  or  a  peripheral 
mechanism.  We  can  readily  imagine  that  molecular  disturbances 
which  would  be  impotent  to  stir  the  sluggish  muscular  substance 
to  a  contraction,  and  thus  so  to  speak  be  lost  upon  the  muscle,  might 
produce  a  very  great  effect  on  the  more  sensitive  and  mobile 
material  of  the  central  nervous  system.  We  may  for  the  present 
therefore  conclude  that  there  is  no  distinct  proof  of  an  absolute 
difference  between  afferent  and  efferent  fibres,  but  we  must  at  the 
same  time  be  cautious  not  to  consider  the  grosser  phenomena, 
presented  by  a  muscle-nerve  preparation,  as  a  satisfactory  test  of 
all  the  changes  which  may  take  place  in  a  nerve-fibre.  The 
necessity  of  this  caution  will  be  almost  immediately  illustrated 
from  another  point  of  view. 

The  apparent  identity  in  function  betwect)  afferent  and  efferent 
fibres,  taken  into  consideration  with   the   facts  just   mentioned 
*  Pflugcr's  Ar€hiv,  xvu.  {\%i^\  p.  a\S» 
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concerning  the  regeneration  of  nerves,  suggests  the  inquiry  whctbcr] 
by  ii  change  of  the  |>eri)iheral  or  cential  organs  a  motor  nerve  can 
converted  into  a  sensory  nerve,  or  r/iv  t^ena,     Ejcperitucnts  luadf 
wuh  a  view  of  obtaining  a  functional  union  between  ;• 
and  sensory  nerves  have,  in  the  h;inds  of  most  observe 
Bidder,  Schiff,  &c.),  failed;  and  though   PJiihpeaux  iuni   •  u.p 
were  so  far  more  succcsslul,  tliai  they  obtained  an  apparent  ui 
between  a  sensory  and  a  motor  nerve-trunk,  their  rcsiilu  do 
prove  that  a  fibre,  which  is  ordinarily  a  purely  sensory,  may  act 
a  motor  fibre,  ajid  via  t>trsa. 

These  observers,  having  in  young  dogs  divided   the  h 
ncne  and  removed  its  central  portion  as  complclclyas  possibie, 
by  fine  sutures  its  peripheral  end  with  the  cenUal  portion  of  the  1 
of  the  same  side,  having  similarly  removed  trum  this  the  j>cri 
portion.     Thus   the   central   lingual  was  united   with    l! 
hypoglossal.     Complete  union  took  place,  and  it  Vr'as  fou 
some  weeks,  the  portion  of  nerve  between  the  tongiic*   ■•  |„ 

union,  /.«?.  the  part  which  had  previously  been  the  d   hypo- 

glossal, was  in  a  sound  and   healthy  conditjou.     Sl     .  ni  the 

Imgiuil  nerve  above  the  point  of  union  produced  contra  the 

tongue  of  that  side,  whether  the  stimulus  were  electrical  or  i  cai  ; 

and  the  contractions  were  still  visible  when  the  lingual,  in  order  to  prr- 
clude  any  reflex  action,  was  divided  high  up  previous  to  stimulatton. 
Here  the  sensory  lingual  was  apparently  the  means  of  causing  motor 
effects.  It  must  be  rcmcmbercdt  however,  that  this  is  not  a  case  of 
the  union  of  motor  and  sensor)^  fibres.  The  peripheral  portion  of  the 
hypoglossal  in  reality  became  wholly  degenerated,  and  the  portion  of 
nerve  which  apparently  was  hypoglossal  nerve,  was  in  tm  ■  crvt 

produced  by  a  downward  growth  of  the  lingual    If  any  rt  .ok 

place  it  must  have  been  between  the  lingual  fibres  and  the  «.  x*..  ^  ...*l.-^  of 
the  glossal  muscular  fibres.     The  force  ot  this  experiment  is  moreover 
lessened  by  the  fact  observed  by  Vulpian'  himself,  that  when  ihehypv 
glossal  is  smipiy  removed,  or  a  large  piece  of  the  nerve  cut  out,  so  in4T 
the  peripheral  portions  degenerate,  stimulation  of  the  lingual  nerve  of 
Ibe  same  side  causes  movements  of  the  tongue,  though  when  the  hypo- 
glossal is  intact,  stimulation  of  the  Ungual  produces  no   such  cd^cct 
The  motor  effects  thus  seen  are  due  to  the  chorda  fibres  present  in  the 
lingual,  and  V^ulpian  finds  that  the  movements  obtained  on  stimulating 
the  lingual  nerve  after  the  apparent  union  of  the  Imgtial  and  hypo- 
glossal, do  not  occur  if  the  chorda  fibres  in  the  lingual  be  brought  into 
a  Slate  of  degeneration  by  previous  section  of  the  chorda  nerve.     "    '  " 
has  observed  after  section  of  the  hypoglossal^  spontaneous  cont 
of  the  glossal  muscular  fibres,  contractions  which  are  at  first  ini-.w,.^ 
but  at  a  later  period  increased,  by  stimulation  of  the  (chorda  lit 

■  Vulpian,  Lff.  Systim^  Nerv,^  274. 
•  Ct.  A\i.t  T.  76.  p.  146  (iS73>. 
«  A*.  Accud,  dei  Litud,  (3)  U  (1877). 
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the)  linguaJ  and  that  to  such  An  extent  as  to  move  the  tongue  up  and 
down  ;  this  curious  fact  helps  to  explain  why  the  section  of  the  hypo- 
glossal seems  necessary  to  dcvdope  tiie  motor  cflfectb  of  siimulaiinjj;  the 
lingu.il.  Vulpiiin  and  Philipcaux  also  made  evj>erimcnts  on  the  union 
of  the  \Mgus  and  hypoglossal,  but  the  results  were  even  less  satisfactory 
than  those  with  the  hoi^^ual  and  hypoglossal,  and  V'ulpian  himself 
admits  that  the  functional  union  of  motor  and  sensory  fibres  is  as  yet 
tinproved. 

We  have  already  seen  (p.  123)  that  a  sensory  nerve  in  its 
simplest  form  may  be  regarded  as  a  strand  of  eminently  imiablc 
protoplasm,  formmg  a  link  between  a  superficial  cell  which  alone 
IS  subject  to  extrinsic  stimuli,  and  a  central  (reflex  or  automatic) 
cell  which  receives  stimuli,  chiefly  in  the  form  of  nervous  impulses 
proceeding  from  the  former  along  the  connecting  strand*  In  tl»e 
earliest  stages  of  the  development  of  a  sensory  nervous  system, 
the  superficial  sensory  cell  is  susceptible  of  stimuli  of  all  kinds, 
provided  they  are  sufficiently  strong;  and  probably  all  the  impulses 
which  It  transmits  to  the  central  cell  resemble  each  other  very 
closely,  differing  only  in  degree.  It  is  obvious  however  that  the 
economy  would  gain  by  a  fiirther  division  of  labour,  by  a  differenti- 
ation of  the  simple  uniform  superficial  cell  into  a  number  of  cells, 
each  of  which  was  more  susceptible  to  particular  stimuli  than  its 
fellows.  Thus  one  cell,  or  rather  one  group  of  cells,  would  become 
eminently  susceptible  to  the  influence  of  light :  in  them  the  impact 
of  rays  of  light  would  give  rise  to  nervous  impulses  more  readily 
than  in  the  other  groups  ;  another  group  would  develope  a  sensitive- 
ness to  waves  of  sound,  and  so  on.  In  this  way  the  primary 
homogeneous  bodily  surface  would  be  ditferentiaied  into  a  series 
of  sens(-0rgi>nSf  disposed  and  arranged  among  ectodcrmic  cells, 
ihc  purpose  of  the  latter  being  simply  protective,  and  therefore 
not  demanding  the  existence  of  any  direct  connection  with  the 
central  nervous  system.  Similar  but  less  highly  marked  different!- 
ations  would  be  established  in  the  endings  of  the  afferent  ner\'es 
connecting  the  central  nervous  system  with  the  internal  surfaces 
aod  paits  of  the  bo<ly* 

Moreover  it  is  obvious  that  the  sensory  impulses  transmitted  to 
the  central  nervous  system   by  these  differentiated  sense-organs 

E would  be  themselves  largely  differentiated.  Just  as  the  impulses 
which  pass  along  a  motor  nerve  differ  according  to  the  nature  of 
iJic  stimulus  which  is  applied  to  the  nerve  (whether,  for  mstance, 
the  stimulus  \\c  a  single  induction-shock,  or  several  shocks  repeated 
■lowly,  or  several  shocks  repeated  rapidly,  and  so  on,  the  effect  on 
the  muscle  being  in  each  case  a  different  onc)»  so  to  a  much  greater 
di^ree  the  intpulses  generated  by  light  in  a  v\suaX  icos&er^si^ccw^sNisX 
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naturally  differ  from  those  generated  by  simple  pressure  in  a 
sense-organ. 

And  since  these  various  sensory  impulses  have  much  wotfc' 
perform  on  arriving  at  the  central  nervous  system,  in  the  way 
influencing  the  multitudinous  molecular  operations  going  on  in 
the  central  cells,  and  of  affecting  consciousness,  this  di0erentiatioo 
of  sensory  organs  and  sensory  impulses,  will  naturally  be  accom 
panied  by  a  corresponding  differentiation  of  those  central 
which  the  impulses  are  the  tirst  to  reach  on  arriving  at  the 
organ.  Those  cells,  for  instance,  of  the  central  nervous 
which  first  receive  the  particular  nervous  impulses  coming 
the  visual  sense-organs,  will  be  set  apart  for  the  task 
modifying  and  preparing  those  impulses  as  to  adapt  them  in  the 
best  possible  way  for  the  work  which  they  have  to  do.  Hence 
QB^ch  peripheral  sense-organ  will  be  united  by  means  of  its  nerve 
with  a  corresponding  central  sense-organ,  the  former  being  able  to 
affect  other  parts  of  the  central  nervous  system  only  through  the 
medium  of  the  latter.  This  at  least  we  know  to  be  the  case  «s 
far  as  relates  to  all  the  central  nervous  operations  in  which  con* 
sciousness  is  concerned ;  for  of  the  total  characters  which  belong 
to  an  affection  of  consciousness  by  means  of  any  oi  the  sense- 
organs,  i,e,  which  belong  to  any  particular  sensations,  while  some 
arc  gained  during  the  rise  of  the  sensory  impulses  in  the  peripheral 
sense-organ,  others  first  appear  in  the  central  sense-organ  in  the 
course  of  the  changes  through  which  the  impulses  give  rise  to  a 
sensation.  Thus  a  stimulus  of  any  kind  applied  to  the 
nerve  along  any  part  of  its  course  gives  rise  to  a  sensati 
light,  and  precisely  the  same  stimulus  applied  to  the 
nerve  along  any  part  of  its  course  gives  rise  to  a  sensation  of] 
sound  \  and  so  on.  All  the  evidence  we  possess  goes  against  the 
view  that  an  isolated  piece  of  optic  nerve  differs  in  function  from 
a  similarly  isolated  piece  of  acoustic  nerve  \  such  facts  as  are 
within  our  knowledge  go  to  shew  that  the  disturbances  gen 
in  a  piece  of  optic  nerve  by  a  galvanic  current  are  tlie 
those  generated  in  a  piece  of  acoustic  nerve.  We  are  th 
driven  to  the  conclusion  that  the  difference  in  this  case  arises 
the  central  organs. 

In  all  these  differentiated  sensory  mechanisms,  or  special 
senses  as  they  are  called,  we  have  tlien  to  deal  with  two  elements  J 
the  peripheral  sense-organ,  in  which  we  have  to  study  how  the 
special  physical  agent  gives  rise  to  special  sensory  impulses  ;  and 
the  central  sense-organs,  in  which  our  study  is  confined  to  the 
manner  in  which  these  special  impulses  modify  the  operarions 

central  nervous  system.     Inasmuch  as  in  a  normal  body  the 
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peripheral  organ  remains  in  connection  with  the  central  organ, 
and  our  study  of  the  special  senses  is  carried  on  diiefly  by 
subjective  observations  in  which  we  make  use  of  our  own  con- 
sciousness, it  frequently  becomes  very  difficult  to  distinguish  in 
any  given  sensation  the  peripheral  from  the  central  element.  The 
two  become  more  distinct,  the  more  complex  the  sense  and  the 
more  highly  organised  the  sense-organs.  For  this  reason  it  will 
be  most  convenient  to  commence  our  study  of  the  special  senses 
with  the  sense  of  vision. 


CHAPTER   IL 


SIGHT. 


A  RAY  of  light  filling  on  the  retina  gives  rise  %o  whzt 
sensation  of  light  ;  but  m  order  that  distinct  vision  of  any  c 
may  be  gained,  an  image  of  the  object  must  be  formed  oi 
retina,  and  the  better  defined  the  image  the  more  distinct  w 
the  vision.  Hence  in  studying  the  physiology  of  vision,  ou 
duty  is  to  examine  into  the  arrangements  by  which  the  form 
of  a  satisfactory  image  on  the  retina  is  effected  ;  these  we 
call  briclly  the  dioptric  mechanisms.  We  shall  then  hav 
inquire  into  llie  laws  according  to  which  rays  of  light  impi 
on  the  retina  give  rise  to  sensory  impulses,  and  those  accordi 
which  the  impulses  thus  generated  give  rise  in  turn  to  sensat 
Here  we  shall  come  upon  the  difficulty  of  distinguishing  betl 
the  unconscious  or  physical  and  the  conscious  or  psychical  fai 
And  we  shall  find  our  difficulties  increased  by  the  (act,  thi 
appealing  to  our  own  consciousness  wc  are  apt  to  foil  into 
by  confounding  primary  and  direct  sensations  with  states  of 
sciousness  which  are  produced  by  the  weaving  of  these  prii 
sensations  with  other  operations  of  the  central  nen'ous  system) 
in  familiar  language,  by  confounding  what  we  see  with  wha 
think  we  see.  These  two  things  we  will  briefly  distinguish  as  v 
sensations  and  visual  judgments ;  and  we  shall  find  that  bol 
vision  with  one  eye»  but  more  especially  in  binocular  vision 
judgments  form  a  very  large  part  of  what  we  frequently  spea 
as  our  sight. 


Sec.  I.     Dioptric  Mechanisms. 
ThtformcUion  of  the  Image. 

The  eye  is  a  camera^  consisting  of  a  series  of  lenses  and 
arranged  in  a  dark  chamber,  the  iris  serving  as  a  diaphragm  ; 
the  object  of  the  apparatus  is  to  form  on  the  retina  a  dtsl 
image  of  eJttemal  objects.     That  a  distinct  image  is  formi 
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the  retina,  may  be  ascertained  by  removing  the  sclerotic  from  the 
back  of  an  eye,  and  looking  at  the  hinder  surface  of  the  trans* 
parent  retina  while  rays  of  light  proceeding  from  any  external 
object  are  allowed  to  fall  on  the  cornea. 

A  dioptric  apparatus  in  its  simplest  form  consists  of  two  media 
separated  by  a  (spherical)  surface ;  and  the  optical  properties  of 
such  an  apparatus  depend  upon  (i)  the  curvature  of  the  surface, 
(1)  the  relative  refractive  power  of  the  media.  The  eye  consists 
of  several  media,  bounded  by  surfaces  which  are  approximately 
spherical  but  of  different  curvature.  The  surfaces  nrx;  all  centred 
on  a  line  called  the  optic  axis^  which  meets  the  retina  at  a  point 
somewhat  above  and  to  the  inner  (nasal)  side  of  the  fovea 
centralis.  In  passing;  ftom  the  outer  surface  of  the  cornea  to  the 
retina  the  rays  of  light  traverse  in  succession  the  cornea,  the 
aqueous  humour,  the  lens  and  the  vitreous  humour.  Refraction 
takes  place  at  all  the  surfaces  bounding  these  several  media,  but 
particularly  at  the  anterior  surface  of  the  cornea,  and  at  both  the 
anterior  and  posterior  surfaces  of  the  lens.  Since  the  anterior 
and  posterior  surfaces  of  the  cornea  are  parallel,  or  very  nearly 
so,  the  rays  of  light  would  suffer  little  or  no  change  of  direction 
in  passing  through  the  cornea,  if  it  were  bounded  on  both  sides 
by  tlie  same  medium.  The  direction  o{  the  rays  of  light  in  the 
aqueous  humour  would  therefore  remain  the  same  if  the  cornea 
were  made  exceedingly  thin,  if  in  fact  its  two  surfaces  were  made 
into  one,  forming  a  single  anterior  surface  to  the  aqueous  humour  ; 
or,  which  comes  to  the  same  thing  in  the  end,  since  the  rcfratiivc 
power  of  the  substance  of  the  cornea  is  almost  exactly  the  same 
as  that  of  the  atiueous  humour,  the  refraction  at  the  posterior 
surface  of  the  cornea  may  be  neglected  altogether  Thus  the  two 
surfaces  ot  the  cornea  lu-e  practically  reducc<l  to  one.  The  lens 
varies  in  derj&ify  in  different  parts,  the  refractive  power  of  the 
central  portions  being  greater  than  that  of  the  external  layers ; 
but  the  refractive  power  of  the  whole  may,  without  any  serious 
error,  be  assumed  to  be  uniform,  a  mean  being  taken  between  the 
refractive  powers  of  die  several  parts.  The  refractive  power  of 
the  vitreous  humour  is  almost  exactly  the  same  as  that  of  the 
aqueous  humour. 

Thus  the  apparently  complicated  natural  eye  may  be  simplified 
into  a  *diagrammaric  eye,'  in  which  the  refracting  surfaces  arc 
reduced  to  three,  vir.  {t)  the  anterior  surface  of  the  cornea,  (2) 
tJie  antA^ior  surface  of  the  lens  sejiarating  the  lens  from  the 
aqueous  humour,  aiid  (3)  tht!  i>osterior  surface  of  the  lcn»  separating 
the  lens  from  the  vitreous  humour.  The  media  will  similarly  be 
reduced  to  two;  the  mean  bubstancc  of  the  lens,  -Mid vV\<i  ^^k\^\<5W^Mk 
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or  vitreous  humour.  This  '  diagrammatic  eye  *  is  of  great  use  in 
the  various  calculations  which  become  necessary  in  studying  ph)W 
logical  optics  ;  for  the  magnitudes  which  are  derived  by  calculautm 
from  it  represent  the  corresponding  magnitudes  in  an  avrta^ 
natural  eye  with  sufficient  accuracy  to  serve  for  all  pracbol 
purposes.  The  values  adopted  by  Listing  for  the  constants  d 
this  '  diagrammauc  eye,*  and  to  him  we  are  Indebted  for  the 
introduction  of  it,  are  as  follows : 

Radius  of  curvature  of  cornea 8 

I,                 ,>            of  anterior  surface  of  lens    ,.,  to 

K                 ,1           of  posterior     *„        „            ...  6 

Refractive  index  of  aqueous  or  vitreous  humour  ...  ^^ 

Mean  refractive  index  of  lens.., ,, 1^ 

Distance    from    anterior    surface    of    cornea    to 

anterior  surface  of  lens , .', 4 

Thickness  of  lens 4     ^ 

The  calculated  position  of  the  prindpal  posUticr  fffots^  Lu  iIk 
point  at  which  all  rays  falling  on  the  cornea  parallel  to  the  o|ilit 
axis  are  brought  to  a  focus,  is  in  the  diagrammatic  eye  I4'^479 
mm.  behind  the  posterior  surface  of  the  lens,  or  « 2 '6470  mm, 
behind  the  anterior  surface  of  the  cornea.  That  is  to  say,  the 
fovea  centralis  must  occupy  this  position  in  order  that  a  disttact 
inuige  of  a  distant  object  may  be  formed  upon  iL  It  DUist  be 
understood  that  these  values  refer  to  the  eye  when  at  rest,  i>- 
when  it  is  not  undergoing  any  strain  of  accommodation. 


When  an  object,  a  lens,  and  a  screen  to  receive  the  imager  m 
so  arranged  in  reference  to  each  other,  that  the  image  falls  upoD 
tlie  screen  in  exact  focus,  the  rays  of  light  proceeding  frtmi  eidi 
luminous  point  of  the  object  are  brought  into  focus  00  the  serves 
in  a  point  of  the  image  corresponding  to  the  point  of  the  objeO. 
If  the  object  be  then  removed  farther  away  from  the  leii<i  lli^' 
rays  proceeding  in  a  pencil  from  each  luminous  pomt  v 
brought  to  a  focus  at  a  point  in  front  of  the  screen,  and  ^««-^ 
quently  diverging,  will  fall  upon  the 
composed  of  a  series  of  circle'*  »^'^' 
arranged  concentrically  round  th 
the  object  be  removed,  not  fardici, 
of  rays  will  meet  the  screen  "  " 
Cocus  in  a  point,  and  consequea 


screen  ks,  a  circular  paldl 
called  //A^-'-.  .-.v^-# 
I  ray  of 

voe  «K.iJi^  i-ii".'  iicii 
twen  broui^br 
case  a 
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to  diffusion  circles.  When  an  object  is  placed  before  the  eye,  so 
that  the  image  falls  into  exact  focus  on  the  retina,  and  the  pencils 
of  rays  proceeding  from  each  luminous  point  of  the  object  are 
brought  into  focus  in  points  on  the  retina,  the  sensation  called 
forth  is  that  of  a  distinct  image*  When  on  the  contrary  the  object 
is  too  far  away,  so  that  the  focus  lies  in  front  of  the  retina,  or  too 
near,  so  that  the  focus  lies  behind  die  retina,  and  the  pencils  fall 
on  the  retina  not  as  points,  but  as  systems  of  diffusion  circles,  the 
image  produced  is  indistinct  and  blurred.  In  order  that  objects 
both  near  and  distant  may  be  seen  wah  ctjual  distinctness  by  die 
same  dioptric  apparatus,  the  focal  arrangements  of  the  apparatus 
must  be  accQtnmodated  to  the  distance  of  the  object,  cither  by 
changing  the  refractive    power  of  the   lens,  or  by  altering  the 

^  distance  between  the  lens  and  the  screen. 
That  the  eye  does  possess  such  a  power  of  accommodation  is 
shewn  by  every-day  experience.  If  two  needles  be  fixed  upright 
some  two  feel  or  so  apart,  into  a  long  piece  of  wood,  and  the  wood 
be  held  before  the  eye,  so  that  the  needles  are  nearly  in  a  line,  it 
will  be  found  that  if  attention  be  directed  to  the  far  needle,  the 
near  one  appears  blurred  and  indistinct,  and  that,  conversely,  when 
the  near  one  is  distinct,  the  far  one  appears  blurred.  By  an  effort 
of  the  will  we  can  at  pleasure  make  either  the  far  one  or  the  near 
one  distinct  \  but  not  both  at  the  same  time.  When  the  eye  is 
arranged  so  that  the  far  needle  appears  distinct,  the  image  of  that 
needle  falls  exactly  on  the  retina,  and  each  pencil  from  each 
luminous  point  of  the  needle  unites  in  a  point  upon  the  retina ; 
but  when  this  is  the  case,  the  focus  of  the  near  needle  lies  behind 
the  retina,  and  each  pencil  from  each  luminous  point  of  this 
needle  falls  upon  the  rttina  in  a  series  of  din"usion  circles.     Simi- 

»larly,  when  the  eye  is  arranged  so  that  the  near  needle  is  distinct, 
the  image  of  that  needle  falls  upon  the  retina  in  such  a  way,  that 
each  pencil  of  rays  from  each  luminous  point  of  the  nee<^lle  unites 
in  a  point  on  the  retina,  while  each  pencil  from  each  luminous 
point  of  the  far  needle  unites  at  a  point  in  frvni  a/ih^  retina,  and 
then  diverging  again  falls  on  the  retina,  in  a  scries  of  diffusion 
circles.  If  the  near  needle  be  gradually  brought  nearer  and 
^  nearer  to  the  eye,  it  will  be  found  that  greater  and  greater  effort  is 
^■reqtured  to  see  it  distinctly,  and  at  last  a  point  is  reached  at  which 
^"  no  effort  can  make  the  image  of  the  needle  appear  anything  but 
I  blurred.  The  distance  of  this  point  from  the  eye  marks  the  limii 
I  of  accommodation  for  near  objects.  Similarly,  if  the  i)erson  be 
I  short-sighted,  the  far  needle  tnay  be  moved  away  froni  the  eye, 
f  until  a  fjoint  is  reached  at  which  it  ceases  to  be  seen  distinctly 
L       and  appears  blurred.     In  the  one  case,  d\c  c^*^*  '♦^^^^  aiX  vXs  \cw^» 
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is  unable  to  bring  the  image  of  the  needle  sufficientlf  fonrt 
fall  on  the  retina ;  the  focus  lies  permanently  behind  the 
In  the  other,  the  eye  cannot  bring  the  iniage  sufliciently  bad( 
to  fall  on  the  retina  ;  the  focus  lies  permanently  in  front 
retina.  In  both  cases  the  pencils  of  rays  from  the  needles 
the  retina  in  diffusion  circles. 

The  same  phenomena  may  be  shewn  with  greater  nicel 
what  is  called  Scheiner's  experiment*.     If  two  smooth  hoi 
pricked  in  a  card,  at  a  distance  from  each  other  less  iha 
diameter  of  the  pupil,  and  the  card  be  held  up  before  one 
with  the  holes  horizontal,  and  a  needle  placed  vertically  be  lo 
at  through  tlie  holes,  the  following  facts  may  be  observed.     1 
attention  is  directed  to  the  needle  itself,  the  image  of  the  m 
appears  single.     Whenever  the  gaze  is  directed  to  a  more  di 
object,  so  that  the  eye  is  no  longer  accommodated  for  the  n 
the  image  appears  double  and  at  the  same  time  blurred.      It 
appears  double  and  blurred  when  the  eye  is  accommodated 
distance  nearer  than  that  of  the  needle.     When  only  one  n 
is  seen,  and  the  eye  therefore  is  properly  .nccommodated  foe 
distance  of  the  needle,  no  effect  is  produced  by  blocking  up 
hole  of   the  card,   except  that  the  whole  field  of  vision    S4 
dimmer.     When,  however,  the  image  is  double  on  account 
eye  being  accommodated  for  a  distance  greater  than  that  o( 
needle,  blocking  the  left-hand  hole  causes  a  disappearance  oi 
right-hand  or  opposite  iraage^  and  blocking  the   right-hand 
causes  the  left-hand  image  to  disappear.     VVhen  li.e  eye  is  na 
modaied  for  a  distance  nearer  than  that  of  the  needle,  bio 
either  hole  causes  the  image  on  the  same  side  to  vanish. 
following  diagmm    will    explain   how   these   results   are   bro 
about. 

Let  a  (Fig.  52)  be  a  luminous  point  in  the  needle,  and 
the  extreme  right-hand  and  left-hand  rays  of  the  pencil  of 
proceeding  from  it,  and  passing  ruspcctivciy  through  the  right-1 
^,  and  left-hand  /,  holes  in  the  card.  (The  figure  is  suppose 
be  a  horizontal  section  of  the  eye,)  When  the  eye  is  accor* 
dated  for  a,  the  rays  «f  and /meet  togeUier  in  the  point  c,  the 
occupying  the  position  of  the  plane  nn ;  the  luminous 
appears  as  one  point,  and  the  needle  will  appear  as  one  n 
When  the  eye  ts  accommodated  for  a  distance  beyond  o,  the 
may  be  considered  to  lie*  no  longer  at  /r/j,  but  nearer  the  leu 

'  Schetncr,  Ocu/utt     Innsbmck,  1619. 

"  Of  course,  in  the  actual  eye*  as  we  shall  sec,  accommodntion  isVl^ect 
&  cliQD^c  in  the  Icii'^,  and  nut  by  an  nhcration  in  the  po^iiitioti  of  the  r«litu| 
for  convenience'  take,  wc  m^y  here  >.upfK>.ve  the  fctiiia  lo  be  moved. 
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mm  for  example ;  the  rays  ae  will  cut  this  plane  at  /,  and  the  rays 
tf/  at  ^ ;  hence  the  luminous  point  will  no  longer  appear  single, 
but  will  be  seen  as  two  (joints,  or  rather  as  two  systems  of  diffusion 
circles,  and  tfie  single  needle  will  appear  as  two  blurred  needles. 
The  rays  passing  through  the  right-hand  hole  ^',  will  cut  the  retina 
at  J,  i.€*  on  the  right-hand  side  of  the  optic  axis  j  butj  as  we  shall 
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sec  m  speaking  of  the  judgments  pertaining  to  vision,  the  image 
on  the  right-hand  side  of  the  retina  is  rtf erred  by  the  mind  to  an 
on  the  left-hand  side  of  the  person  \  hence  the  ailection 
the  retioa  at/,  produojd  by  the  rays  ac  falling  on  it  there, 
rise  to  an  image  of  the  spot  a  at  /*,  and  similarly  the  left- 
liand  spot   q  corresponds  to   the  right  hand    <2*     Blockm^  >iBkfc 


object 


gives 
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left-hand  hole,  therefore,  causes  a  disappearance  of  the  rigbt-1 

image,  and  vice  t^ersa.     Similarly  when  the  eye  U  accommt 
for  a  distimce  nearer  than  the  needle,  the  retina  may  be  supj 
to  be  removed  to  //,  and  the  righi-hand  m  and  left-band  aj 
after  uniting  at  r,  will  diverge  again  and  strike  the  retitia  ai  p 
/.     The  blocking  of  the  hole  e  will  now  cause  the  dl- 
of  the  image  g'  on  the  left-hand  side  of  the  retina*  a 
be  referred  by  the  mind  to  the  right-hand  side,  so  that  Q  *sLl 
to  vanish. 

If  the  needle  be  brought  gradually  nearer  and  nearer 
eye,  a  point  will  be  reached  within  which  the  image  is 
double.     I'his  point  marks  with  considerable  exactitude  the 
limit  of  accommodation.    With  short-sighted  persons,  if  the  i 
be  TL^nioved  farther  and  farther  away,  a  point  is  reached   b 
which  the  image  is  always  double;  this  marks   the    far 
accommodation. 

The  experiment  may  also  be  performed  with  the  ncedJe  pl,i< 
lontally,  in  which  case  the  holes  in  the  card  should  be  vertical. 
adjustment  for  the  eye  for  near  or  far  distances  niiiy  be  assis 
uMng  two  needles,  one  near  and  one  far.     In  this  case    one 
should  be  vertical  ;ind  the  other  honzoiital,  and  the  card  turned 
50  that  the  holes  lie  hori/.ontally  or  v^ertically  according  to  whetl 
vertical  or  horiiontal  needle  is  being  made  to  appear  double. 

In  what  may  be  regarded  as  the  normal  eye,  the 
emmetropic  cy^f  the  near  limit  of  accommodation  is  about  10 
cm.  and  tlie  far  limit  may  bo  put  for  practical  pur|>oscs 
infinite  distance.  The  '  range  of  distinct  vision  '  therefore  I 
emmetropic  eye  is  very  gct^ai.  In  the  myopic^  or  short-sigh 
the  near  limit  is  brought  much  closer  (5  or  6  cm,)  to  the 
and  the  far  limit  is  at  a  variable  but  not  very  great  distance, 
the  rays  of  light  proceeding  from  an  object  not  many  feet 
brought  to  a  focus,  not  on  the  retina  but  in  the  vitreous 
The  range  of  distinct  vision  is  therefore  in  the  myopic  eye 
limited.  In  the  hyptrmelropie,  or  long-sighted  eye,  the  ray 
light  coming  from  even  an  intinite  distance  are,  in  the  passi%-e  : 
of  the  eye,  brought  to  a  focus  beyond  the  retina.  The  near  ] 
of  accommodatiou  is  at  some  distance  oft',  and  a  far  limit  o 
comroodation  does  not  exist.  The  presbyopic  eye,  or  the  1 
sight  of  old  people,  resembles  the  hypermetropic  eye  in 
distance  of  the  near  poiiM  of  accommodation,  but  differs  f 
inasmuch  as  the  former  is  an  essentially  defective  condition  of 
accommodation  mechanism,  whereas  in  the  latter  the  powd 
accommodation  may  be  good  and  yet,  from  the  internal  amu 
ments  of  the  eye,  be  unable  to  bring  the  image  of  a  near  o* 


I  ted 


SIGHT. 


517 


on  to  the  retina.  When  a  normal  eye  becomes  presbyopic,  the 
far  limit  may  remain  the  same,  but  since  the  power  of  accommo- 
daiinji^  for  near  objects  is  weakened  or  lost,  the  change  is  distinctly 
a  reduction  of  the  range  of  distinct  vision.  In  the  normal  emme- 
tropic eye,  when  no  effort  of  accommodation  is  made,  the  principal 
focus  of  the  eye  lies  on  the  retina,  in  the  myopic  eye  in  front  of  it, 
and  in  the  hypermetropic  eye  behind  it. 

Mechanism  of  Accommodation.  In  directing  our  at- 
tention from  a  far  to  a  very  near  object  we  are  conscious  of  a 
distinct  effort,  and  feel  that  some  change  has  taken  place  in  the 
eye ;  when  we  turn  from  a  very  near  to  a  far  object,  if  we  are 
conscious  of  any  change  in  the  eye,  it  is  one  of  a  different  kind. 
The  former  is  the  sense  of  an  active  accommodation  for  near 
objects  f  the  latter,  when  it  is  felt,  is  the  sense  of  relaxation  after 
exertion. 

Since  the  far  limit  of  an  emmetropic  eye  is  ai  an  infinite  distance, 
no  such  thing  as  active  accommodation  for  far  distances  need  exist.  The 
only  change  that  will  take  place  in  the  eye  in  turning  from  near  to  far 
objects  will  be  a  mere  passive  undoing  of  the  accoinmodatioQ  previoui.ly 
made  for  the  near  object.  And  that  no  such  active  accommodation 
for  far  distances  takes  place  is  shewn  by  the  facts— that  the  eye,  when 
opened  after  being  closed  for  some  time,  ts  found  not  m  medium  state 
but  adjusted  for  distance  ;  that  when  the  accommodation  mechanism 
of  the  eye  is  paralysed  by  atropin  or  ner\'ous  disease,  the  accommo- 
dation for  distant  objects  is  unaffected  ;  and  that  we  are  conscious  of 
no  eftort  in  turning  from  moderately  distant  to  far  distant  objects,  Tlic 
sense  of  effort  often  spoken  of  by  myopic  persons  as  being  felt  when 
they  attempt  to  sec  things  at  or  beyond  the  farlunit  of  their  range  secmi 
to  arise  from  a  movement  of  the  eyelids,  and  not  from  any  internal  ; 
changes  taking  place  in  the  eye.  "^ 

What  then  are  the  changes  which  tako  place  in  the  eye,  when 
we  accommodate  for  near  objects?  It  might  be  thought,  and 
indeed  once  was  thought,  that  the  ciirvakire  of  the  cornea  was 
changed,  becoming  more  convex,  with  a  shorter  radius  of  curvature, 
for  near  objects.  Young,  however,  shewed  that  accommodation 
took  place  as  usual  when  the  eye  (and  head)  is  immersed  in  water. 
Since  the  refractive  powers  of  aqueous  humour  and  water  arc  very 
nearly  alike,  the  cornea,  with  its  parallel  surfaces,  placed  between 
these  two  fluids,  can  have  httle  or  no  effect  on  the  direction  of  the 
rays  passing  through  it  when  the  eye  is  immersed  in  water*  And 
accurate  measurements  of  the  dimensions  of  an  image  on  the 
cornea  have  shewn  that  these  undergo  no  change  during  accom- 
modation, and  that  therefore  the  curvature  of  the  cornea  is  not 
altered.     Nor  is  there  any  change  in  lh«  loim  oi  \3tit  \i>jKo  \  Vst 
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any  variation  in  this  would  necessarily  produce  am  alierati 

the  curvature  of  the  cornea,  and  pressure  on  ihc  balb  would 
injuriously  by  rendering  the  retina  anxratc  and  so  less  sensil 
In  fact,  there  are  only  two  changes  of  injporiance  which  can 
ascertained  to  take  place  in  the  eye  during  accommodation 
near  objects. 

One  is  that  the  pupil  contracts.  When  we  look  at  nearobj< 
llie  pupil  becomes  small  j  when  we  turn  to  distant  objects,  it  dils 
This  however  cannot  have  more  than  an  indirect  influence  on 
formation  of  the  image ;  the  chief  use  of  the  contraction  of 
pupil  in  accommodation  for  near  objects  is  to  cut  off  the  a 
divergent  circumferential  rays  of  light. 

The  other  and  really  efficient  change  is  that  the  anterior  sur^ 
of  the  lens  becomes  more  convex.  If  a  light  be  held  before 
eye,  three  reflected  images  may  be  seen  by  a  bystander  :  one  a  ' 
bright  one  caused  by  the  anterior  surface  of  the  cornea,  a  sec 
less  bright,  by  the  anterior  surface  of  the  lens,  and  a  third  ' 
dim,  by  the  posterior  surface  of  the  lens.  When  the  cyi 
accommodated  for  near  objects,  no  change  is  observed  in  eil 
the  first  or  the  third  of  these  images ;  but  the  second,  that  fj 
the  anterior  surface  of  the  lens,  is  seen  to  become  distiiu 
smaller,  shewing  that  the  surface  has  become  more  con 
When,  on  the  contrary^  vision  is  directed  fr6m  near  to  far  obj< 
tlie  image  from  the  anterior  surface  of  the  lens  grows  lai] 
indicating  that  the  convexity  of  the  surface  has  diminished,  w 
no  change  takes  place  in  the  curvature  either  of  the  cornea  i 
the  posterior  surface  of  the  lens.  And  accurate  measurenien 
the  size  of  the  image  from  the  anterior  surface  of  the  lens  h 
shewn  thai  the  variations  in  curvature  whicii  do  take  place, 
sufficient  to  account  for  the  power  of  accommodation  which 
eye  possesses. 

The  observation  of  these  reflected  images  is  facilitated  by 
simple  instrument  introduced  by  Helmholtz  and  called  a  Phakosc 
It  consists  of  a  small  dark  chamber,  with  apertures  for  the  obscf 
and  observing  eyes  ;  a  needle  is  rixed  at  a  short  distance  in  fron 
the  former,  to  serve  as  a  near  object,  for  which  accommodation 
to  be  made  ;  and  by  means  of  two  prisms  the  image  from  cuch  of 
three  surfaces  of  the  observed  eye  is  made  double  instead  of  sii 
When  the  anterior  surface  of  the  lens  becomes  more  convex 
two  imag;es  reflected  from  that  surface  approach  each  other,  v 
it  becomes  less  convex  they  retire  from  each  other.  The  appnxi 
and  retirement  arc  more  readily  appreciated  than  is  a  simple 
of  size. 

These  observations  leave  no  doubt  that  the  essential  change 
which  accommodation  is  effected,  is  an  alteration  of  the  convc; 
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of  the  anterior  surface  of  the  lens.  And  that  the  lens  is  the 
agent  of  accommodation,  is  shewn  by  the  fact  that  after  removal 
of  the  lens,  as  in  the  operation  for  cataract,  the  power  of 
accommodation  is  lost. 

In  the  cases  which  have  been  recorded,  where  eyes  from  which  the 
lens  had  been  removed  seemed  still  to  possess  some  accommodation, 
wc  must  suppose  that  no  real  accommodation  took  place,  but  that  the 
pupil  contracted  when  a  near  object  was  looked  at,  and  so  assisted  in 
making  vision  more  distinct. 

Concerning  the  nature  of  the  mechanism  by  which  this  increase 
of  the  convexity  of  the  lens  is  eflfecteti,  the  view  most  generally 
adoplfd  is  as  follows.  .  In  the  passive  condition  of  the  eyc» 
when  it  is  adjusted  for  far  objects,  the  suspensory  ligament  keei>s 
the  lens  tense  with  its  anterior  surface  somewhat  flattened. 
Accommodation  for  near  objects  consists  essentially  in  a  con- 
traction of  the  ciliary  muscle,  which,  by  pulling  forward  tlie 
choroid  coat  and  the  ciliary  processes,  slackens  the  suspensory 
ligament,  and  allows  the  lens  to  bulge  forward  by  virtue  of 
its  elasticity,  and  so  to  increase  the  convexity  of  its  anterior 
surface. 

Though  all  the  parts  surrounding  the  lens  are  highly  vascular,  the 
change  in  the  lens  caijnot  be  considered  as  the  result  of  any  vaso- 
motor action,  since  accommodation  may  be  eflfected  in  a  practically 
bloodless  eye  by  artificial  stimulation  with  an  interrupted  current,  or 
by  other  means.  Agam,  the  tact  that  accommodation  may  lake  place 
in  eyes  from  whi:h  the  iris  is  congenitally  absent,  disproves  the  sug- 
gestion that  the  change  in  the  lens  is  caused  either  by  the  compression 
of  the  circumference  of  the  lens,  or  in  any  other  way  by  contraction 
of  the  iris.  On  the  other  hand,  tSc  observations  of  Hensen  and 
Volkers*,  who  saw  the  choroid  drawn  forward  during  accommodation 
(brought  about  by  stimulation  of  the  ciliarj'  gangUon),  and  satisfied 
themselves  that  the  cornea  served  as  a  functional  nxed  attachment  for 
the  ciliary  muscle,  offer  a  strong  support  to  the  generally  accepted  ex- 
planation. To  which  it  may  be  added,  that  the  lens  is  certainly  elastic, 
and,  moreover,  that  its  natural  convexity  appears  to  be  diminished  by 
the  action  of  the  suspensory  llgamem,  since  after  removal  from  the 
body  its  anterior  surface  is  found  to  be  more  convex  than  when  in  the 
natural  position  in  the  body.  Hock*  has  carefully  repeated  Hensen 
and  Volckcrs*  experiment  on  the  dog.  stimulating  the  radix  brevis  of 
the  ganglion  instead  of  the  ganglion  itself.  He  fuUy  confirms  their 
results,  and  cspeci.^lly  insists  that  the  choroid  is  pulled  forward  by  the 
Liliary  muscles  (longitudinal  fibres)  and  not  by  muscular  fibres  present 
in  the  choroid  itself. 


'  .yffchamsmus  J,  Atcomnud,,  Kiel,  t868, 
l868.  p.  455. 
L  •  6W./  Mrd,  fViss^  1878,  p.  769W 
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Accommodation  is  a  voluntary  act ;  sincCp  however, 
in  the  lens  is  always  accompanied  by  movemetits  in  the 
be  convenient  to  consider  the  latter,  before  we  discuss  tj 
mechanism  of  the  whole  act. 

Movements  of  the  Pupil*     Though  by  making 
required  for  accommodation  we  can  at  pleasure  contract 
the  pupil,  it  is  not  m  our  power  to  bring  the  will  to  act  d 
on  the  iris  by  itself     This  fact  alone  indicates  that  the  n 
mechanism  of  the  pupil  is  of  a  peculiar  character,  and  such  i 
we  find  it  to  be.     The  pupil  is  contractid  (i)  when  the  rcti 
optic  nerve)  is  stimulated,  as  when  light  falls  on  the  r 
brighter  the  light  the  greater  being  the  contraction,  (2 
accommodale  for  near  objects.    The  pupil  is  also  con 
the   eyeball    is   turned    inwards,    when   the    aqueous    h 
deficient,  in  the  early  stages  of  poisoning  by  chloroform,  al 
&c.,  in  nearly  all  stages  of  poisoning  by  ftiorphia,  physosi 
and  some  other  dmgs,  and  in  deep  slumber     The  pupil  js 
(i)  when  stimulation  of  the  retina  (or  optic  nerve)  is 
diminished  \  hence  the  pupil  dilates  in  passing  into  a 
(2)  when  the  eye  is  adjustctl  for  far  objects.     Dilation  a 
when   there  is  an  excess  of   aqueous  humour,  during 
during  violent  muscular  eflbrls,  as  the  result  of  a  strong  stitnul 
of  sensory  nerves,  as  an   effect  of  emotions,  in   the   later 
of  poisoning  by  chloroform,  &c.,  and  in  all  stages  of  poisa 
by  atropin  and  some   other  drugs.      Contraction    of    the 
is  caused  by  contraction  of  the  circular  fibres   or  sphincti 
the  iris.     Dilation  is  caused  by  contraction  of  the  radial  fib) 
the  iris. 

The  existence  of  radial  fibres  has  been  denied  by  many  obscf 
but  the  preponderance  of  evidence  is  clciirly  in  favour  of  their 
really  present. 

Contraction  of  the  pupil,  brought  about  by  light  falling  o 
retina,  is  a  reflex  act,  of  which  the  optic  is  the  afferent  nerve 
third  or  oculomotor  the  efferent  nerve,  and  the  centre  1 
portion  of  the  brain  lying  below  the  corpora  quadrigeniina  ii 
floor  of  the  aqueduct  of  Sylvius.  This  is  proved  by  the  folio 
facts.  When  the  optic  nerve  is  divided,  the  falling  of  light  o^ 
retina  no  longer  causes  a  contraction  of  the  pupil  When 
third  nerve  is  divided,  stimulation  of  the  retina  or  of  the 
nerve  no  longer  causes  contraction  ;  but  direct  stimulation  o£ 
j>eripheral  portion  of  the  divided  third  nerve  causes  exu 
contraction  of  the  pupil.     After  removal  of  the  region  of  the 
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spoken  of  above*  stimulation  of  the  retina  is  similarly  ineftectiial. 
But  if  the  same  region  of  the  brain  and  its  connections  with  the 
optic  nerve  and  third  nerve  be  left  intact,  contraction  of  the  pupil 
will  occur  as  a  result  of  light  falling  on  the  retina,  though  all  other 
nervous  parts  be  removed. 

Certain  reservations  must  however  be  made  to  the  above  statement*:, 
since  in  the  excised  eye  of  the  eel  or  frog  the  pupil  will  still  contra :t 
on  exposure  to  light  though  the  nervous  centre  is  absent'.  Holmgren 
and  Edgren*  find  that  in  the  <^rog  this  contraction  of  the  pupil  of  the 
exi;ised  eye  on  exposure  to  light  disappears  when  the  retina  is  de- 
stroyed ;  there  seems  therefore  to  be  within  thi  bulb  some  nervous 
connection  between  the  retina  and  iris. 

The  nervous  centre  is  not  a  double  centre  with  two  completely 
independent  halves^  one  for  each  eye;  there  is  a  certain  amount 
of  functional  communion  between  the  two  sides,  so  that  when  one 
retina  is  stimulated  both  pupils  contract.  It  might  be  imagined 
that  this  cerebral  centre  acted  as  a  tonic  centre,  whose  action  was 
simply  increased  not  originated  by  the  stimulation  of  the  retina ; 
but  this  is  disproved  by  the  fact  that,  if  the  optic  nerve  l>e 
divided,  subsequent  section  of  the  third  nerve  produces  no  further 
dilation. 

In  considering  the  movements  of  the  pupil,  however,  we  have 
to  deal  not  only  with  contraction  but  with  active  dilation  ;  antl 
this  renders  the  whole  matter  much  more  complex  than  miglit 
be  supposed  to  be  the  case  from  the  simple  statement  just 
made. 

The  iris  is  supplied,  in  common  with  the  ciliar)*  muscle  and 
choroid,  by  the  short  ciliary  nerves  coming  from  the  ophthalmic  or 
lenticular  (cDiary)  ganglion,  which  is  connected  by  its  roots  with 
the  third  nerve,  the  cervical  sympathetic  nerve,  and  with  the  nasal 
branch  of  the  ophthalmic  division  of  the  fifth  nerve.  The  short 
ciliary  nerves  are,  moreover,  accompanied  by  the  Idng  ciliary  nerves 
coming  from  the  same  nasaJ  branch  of  the  ophthalmic  diviision  of 
the  fifth  nerve.  What  are  the  uses  of  these  several  nerves  in 
relation  to  the  pupil  ? 

If  the  cervical  sympathetic  in  the  neck  be  divided,  aU  other 
portions  of  the  nervous  mechanism  being  intact,  a  contraction  of 
the  pupil  (not  always  very  well  marked)  takes  place,  and  if  the 
peripheral  portion  {Le.  the  upper  portion  still  connected  with  the 
eye)  be  stimulated,  a  welWeveloped  dilation  is  the  result.  The 
sympathetic  has,  it  will  be  observed,  an  effect  on  the  iris  the 

»  Brown-Seqiiard,  Com^.  Remd.^  XXV.    (1847)  4S2,  508*  ^^^r^c,  k^y,  S^^ 
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opposite  of  that  which  it  encrcises  on  the  blood-vesseU ;  when  it 
il  is  stimulated  the  pu])ils  are  dilated  while  the  blood-vessels  are 
constricted.  This  dilating  influence  of  the  sympathetic  may»  <as  in 
the  case  of  the  vaso-motor  action  of  the  same  nerve,  be  traced 
hack  down  the  neck,  along  the  rami  communicantes  and  roots  d 
the  last  cervical  and  first  dorsal  or  two  first  dorsal  spinal  nerveSi 
lo  a  region  in  the  lo\ver  cervical  and  upper  dorsal  card  (called  by 
IJiidgc  *  the  centrum  dtio'SpinaU  inferim\  and  from  thence  op 
through  the  medulla  oblongata  to  a  centre,  which,  accoidiDg  w 
HenseiT  and  Volckers*,  lies  in  the  floor  of  the  front  part  of  the 
atjucduct  of  Sylvius, 

Considering  how  vascular  the  iris  is»  it  does  not  seem  unreasonable 

lo  interpret  some  of  the  variations  in  the  condition  of  the  puptl  as  ibe 
results  of  simple  vascular  lurgescence  or  depletion  broug:ht  .ibout  hy 
vaso^mortor  action  or  otherwise,  the  small  or  conlractr 
spending  to  the  dilated  and  filledj  and  the  large  ordilatcJ 
stricted  and  emptied  condition  of  the  blood-vessels*,  i  nu>  ^  _  : 
oscillations  of  the  pupil  may  be  observed  synchronous  with  the  ht'^n- 
beat  and  others  synchronous  with  the  respiratory  movements.  But 
the  variations  in  the  pupil  seem  too  marked  to  be  merely  the  effects  of 
vascular  changes,  and  indeed  that  constriction  of  the  pupil  c;innot  b<* 
wholly  the  result  of  turgescence,  nor  dii.uion  wholly  the  result  of  <tc- 
plction  of  the  vessels  of  the  iris,  is  shewn  by  the  fact  that  both  rliey* 
events  may  be  witnessed  in  a  perfectly  bloodless  eye,  and  moreover 
when  the  cervical  sympathetic  is  stimulated  ilie  dilation  of  the  pupil 
begins  before  the  contraction  of  the  blood-vcs-els,  and  may  be  over 
before  this  has  arrived  at  its  maximum.  Hence  we  are  driven  to 
conclude  that  the  dilating  sympathetic  fibres  do  not  end  in  blood-! 
vessels,  but  are  connected  either  directly  or  indirectly  with  the  musculo 
fibres  of  the  dilator. 

The  pupil  then  seems  to  be  under  the  dominion  of  it 
antagonistic  mechanisms  :  one  a  contracting  mechanism^  reilex  w 
nature,  the  third  nerve  serving  as  the  elfereni,  and  the  optic 
the  afferent  tract ;  the  other  a  dilating  mechanisra^  tonic  ii 
nature,  of  which  the  cervical  sympathetic  is  the  efferent  channel 
Hence,  when  the  third  or  optic  nerve  is  divided,  not  only  d( 
contraction  of  the  pupil  cease  to  be  manifest,  but  active  dilation] 
occurs,  on  account  of  the  tonic  dilating  influence  of  the  sympft^i 
thetic  being  left  free  to  work.  When,  on  the  other  hand,  the 
sympathetic  is  divided,  this  tonic  dilating  influence  falls  awav. 
and  coniraclton  results.  When  the  optic  or  third  nerve  ia 
stimulated,  the  dilating  effect  of  the  sympathetic  is  overcome,  and 


■  Uibir  dii  Bm*egung  der  Itit,  1855. 
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contraction  results  ;  and  when  the  sjmpathetic  is  stimulated,  the 
contracting  influence  of  the  third  nerve  is  overcome,  and  dilation 
ensues. 

But  there  arc  coxistdenilions  which  shew  that  the  matter  is  still 
more  complex  than  this.  A  small  quantity  of  atropin  introduced  into 
the  eye  or  into  the  system  causes  a  dilation  of  the  pupil.  This  might 
be  attributed  to  a  pamlysis  of  the  third  nerve,  antl  indeed  it  is  found 
that  after  atropin  the  falling  of  light  on  fT)e  retina  no  longer  causes 
contraction  of  the  pupil.  A  difliculiy  however  is  introduced  by  the 
fact  that  when  the  third  nerve  is  divided,  and  when  therefore  the  con- 
trading  effects  of  stimulation  of  the  retina  are  placed  entirely  on  one 
side»  and  there  is  nothing  to  prevent  the  sympathetic  producing  its 
dilating  effc*  ts  to  the  utmost^  dilation  is  still  further  increased  by 
atropin.  When  physostigmin  is  introduced  into  the  eye  or  system, 
contraction  of  the  pupil  is  caused,  whether  the  third  nerve  be  divided 
or  not  ;  and  when  the  dose  is  sufhciently  strong  the  contraction  is  so 
great  that  it  cannot  be  overcome  by  stimulation  of  the  sympathetic. 
The  dilation  which  is  caused  by  a  suflficient  dose  of  atropin  is  greater 
than  that  which  can  ordmarily  be  produced  by  stimulation  of  the  sym- 
pathetic, and  the  contraction  caused  by  a  sufficient  dose  of  physos- 
tigmin is  greater  than  that  which  is  ordinarily  produced  in  a  rcflc 
manner  by  stimulation  of  the  optic  nerve,  or  even  than  that  produced 
by  direct  stimulation  of  the  third  nerve.  Evidently  these  drugs  act  on 
some  local  mechanism,  the  one  in  such  a  way  as  to  cause  dilation,  the 
other  in  such  a  way  as  to  cause  contraction.  Such  a  local  mechanism 
cannot  however  lie  in  the  ophthalmic  ganglion,  for  both  drugs  produce 
these  effects  in  a  most  marked  degree  after  the  ganglion  has  been 
excised.  We  must  suppose  therefore  that  the  mechanism  is  situated 
in  the  iris  itself  or  in  the  choroid,  where  indeed  ganglionic  nerve-cells 
are  abundant.  But  if  we  admit  the  existence  of  such  a  local  mechanism, 
it  is  at  least  probable  thai  both  the  sympathetic  and  the  third  nerve 
act  not  directly  on  either  the  sphincter  or  dilator  pupdla;,  but  indirectly 
through  means  of  the  local  nervous  mechanism. 

The  share  of  the  fifth  nerve  in  the  work  of  the  iris  seems  to  be  in 
part  a  sensory  one ;  the  iris  is  sensitive,  and  the  sensory  impulses 
which  arc  generated  in  it  pass  from  it  along  the  fibres  of  the  filth 
nerve. 

Though  the  ophthalmic  ganglion  does  receive  fibres  directly  from 
the  aivemous  plexus  of  the  sympathetic,  the  dilating  action  of  the  sym* 
pathetic  would  seem  to  be  carried  out  not  by  these  fibres  but  by  fibres 
joining  the  ophthalmic  branch  of  the  fifth  nerve  higher  up  in  its  course 
and  passing  to  the  iris  apparently  by  the  long  ciliary  nerves.  Accord- 
ing to  Oehl'  when  these  fibres,  which  appear  to  run  along^iide  the  oph- 
thalmic branch  rather  than  actually  lo  become  part  of  the  nerve,  are 
destroyed,  stimulation  of  the  sympathetic  m  the  neck  produces  no 
dilation  of  the  pupil  whatever.  Section  of  the  ophthalmic  branch 
hsclf  causes  contraction,  and  stimulation  of  the  peripheral  end  dilation 
of  the  pupil ;  and  the  effects  arc  stUl  seen  after  the  sympathetic  fibres 
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have  become  degenerated  in  consequence  of  the  remov^  of  the  superior 
cervical  ganglion.  From  these  facts  Ochl  infers  that  the  fifth  ncnt 
itself  contains  dilating  fibres,  and  he  believes  that  these  take  tWfr 
origin  from  the  Gasscriiin  ganglion.  Oehrs  results,  independentlf 
arrived  at  by  Rosenthal  \  were  conducted  on  dogs  and  rabbtts,  Gutt- 
mann*  came  to  a  similar  conclusion  as  re^rds  frogs  ;  he  found  the 
dilator  fibres  of  thc"cer\ical  s)Tnp.Athetic  passed  throu^jh  the  Gass<Tun 
ganglion  and  were  there  reinforced  by  fibres  taking  origin  rn  the  g^ng- 
lion  itself.  Hcnsen  and  Vdlckers^  also  found  in  the  dog  dilating  fibm 
in  the  fifth  nerve,  and  Vulpian*  has  observed  reflex  dilation  of  rhr  T>ttr*? 
after  section  of  both  cervical  and  thoracic  s>'tnpathetic,  an<i 
of  both  the  upper  and  lower  cervical  ganglia.  These  dilatiii- 
the  fifth  nerve  have  however  been  thought  by  some  to  be  vaso  mo:«-r:jj 
in  nature,  producing  changes  in  the  pupil  in  an  indirect  w-ay  hf 
alTecting  its  blood-supply. 

When  atropin  is  applied  locally  so  as  to  aifect  the  pupil  of  one  cyt 
only,  the  large  amount  of  light  entering  through  the  dilated  pupil  maj 
cause  a  contraction  of  the  pupil  of  the  other  eye. 

The  movements  of  the  pupil  may  be  brought  about  through  reflex 
action  by  sen sor>' impulses  other  than  those  arising  in  the  retina  or 
optic  nerve.  Holmgren  ^  finds  that  in  rabbits,  after  section  of  the  orptjc 
ncrvc^  dilation  of  the  pupil  foUows  upon  the  hearing  a  noise,  and  iodeed 
upon  any  sufficiently  acute  sensation. 

We  have  already  stated  that  when  we  accommodate  for  Dear 
objects  the  pupil  is  contracted  ;  the  one  movement  is  '  associated' 
with  the  other,  that  is  to  say,  the  special  central  nervois 
mechanism  employed  in  carryHng  out  the  one  ^t  is  so  connected 
by  nervous  lies  of  some  kind  or  other  with  that  employed  in 
caiT)  ing  out  the  other,  that  when  we  set  the  one  mechanism 
action  we  unintentionally  set  the  other  in  action  also.  A  simi 
associated  contraction  of  the  pupil  occurs  when  the  eye  is  direct* 
inward.  Conversely,  the  drugs  which  have  a  special  action  on 
pupil,  Buch  as  atropin  and  calabar  bean,  also  afiFect  tJie  mecha 
of  accommodation,  Atropin  paralyses  it,  so  that  the  eye  n 
adjusted  for  far  objects  ;  and  ph>'sostigmin  throws  the  eye  into 
condition  of  forced  acrommoUiiUon  for  near  objects.  The  latt 
effect  '  plained,  on  the  view  stated  above,  by  supposi 

that  ti*  "  l^*^an  throws  the  ciluiry  muscle  into   a   stale 

teuiniu  ritiiOtulioti  in  the  same  way  that  it  does  the  sphincu 
pMptllaii 

AMM«>l|^<iJ  Im  (|iin*cn  and  Volckcrs*  the  iicr%'ous  centre  of 
liiJiilahi'o  ii.     iM  tlni^^  in  the  hind  part  of  the  floor  of  the  third  vcntri* 
•Wtt  l*»  •*  vvitli  the  most  anterior  bundles  of  the  roots  of  th« 
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nerve.  Immcdiatdy  behind  this  accommodation  centre,  in  the 
part  of  the  floor  of  the  aqueduct  of  Sylvius,  comes  the  centre  for 
the  conlraclion  of  llie  pupiK  and  in  spite  of  the  association  of  the 
two  centres  in  their  ordinar)'  functional  activity,  Hensen  and  V'olckers 
find  that  accommodation  may  be  brought  abuut  by  careiully  stnnulat- 
ing  the  accommodation  centre  by  means  of  the  interrupted  current 
wuhout  any  accompanying  change  in  the  iris  except  a  passive  bulging 
forward  caused  by  the  increase  in  the  curvature  of  the  lens.  The  same 
observers  state  that  dilation  of  the  pupil  results  when  the  floor  of  the 
aqueduct  of  Sylvius  is  stimulated  not  in  the  median  hne  but  more  to 
the  side  ;  and  that  the  muscles  of  the  eyeball  supplied  by  the  third 
nerve  have  their  nervous  centres  placed  also  in  the  floor  of  the  aqueduct 
of  Sylvius,  but  behind  that  for  the  contraction  of  the  pupil. 

We  can  accommcxlate  at  will ;  but  few  persons  can  effect  the 
necessary  change  in  the  eye  unless  they  direct  their  attention  to 
some  near  or  far  object*  as  the  case  may  bj,  and  thus  assist  their 
will  by  visual  sensations.  By  practice,  however,  the  aid  of  ex- 
ternal objects  may  be  dispensed  with;  and  it  is  when  this  is 
achieved  that  the  pupil  may  seem  to  be  made  to  dilate  or  con- 
tract at  pleasure,  accommodation  being  effected  without  the  eye 
being  turned  to  any  particukr  object* 


Imperfections  in  the  Dioptric  Apparatus. 

The  emmetropic  eyejnay  be  taken  as  the  normal  eye.  The 
myopic  and  hypermetropic  eyes  may  be  considered  as  imperfect 
eyes,  though  the  former  possesses  certain  advantages  over  the 
normal  eye.  An  eye  might  be  myopic  from  too  great  a  con- 
vexity of  the  cornea,  or  of  the  anterior  surface  of  the  lens,  or 
from  permanent  spasm  of  the  accommodation-mechanism,  or  from 
too  great  a  length  of  the  long  axis  of  the  eyeball  According  lo 
Donders  the  last  is  the  usual  cause.  Similarly,  most  hyperme- 
tropic eyes  possess  too  short  a  bulb.  The  presbyopic  eye  is,  as 
we  have  seen,  an  eye  normally  constituted  in  which  the  power  of 
accommodation  has  been  lost  or  is  failing. 

According  to  Iwanoff '  and  v,  Arlt'  in  the  strongly  marked  myopie 
eye  there  is  hypertrophy  of  the  longitudinal  (meridional)  fibres  of  the 
ciliary  muscle  and  atrophy  or  absence  of  the  circular  hbrcs  ;  in  the 
hypermetropic  eye  on  the  other  hanrl  the  circular  fibres  are  wcU 
developed  and  the  meridional  fibres  scanty. 

Spherical  Aberration.  In  a  spherical  lens  the  rays  which 
impinge  on  the  circumference  are  brought  to  a  focus  sooner  than 
those  which  pass  nearer  the  centre,  and  the  focus  oi  '*  luminous 
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point,  ceasing  to  be  a  point,  is  spread  over  a  surface.     Hence 
when  rays  are  allowed  to  fall  on  the  whole  of  the  lens,  the  iinige 
formed  on  a  screen  placed  in  the  focus  of  the  more  central  rajfs 
is  blurred  by  the  diffusion-circles  caused  by  the  circumferfsukl 
rays  which   have  been  brought  to  a  permature  focus.      Id  an 
ordinary  optical  instrument  spherical  aberration  is  obviated  by  a 
diaphragm  which  shuts  off  the  more  circumferential  rays.      In  t^ 
eye  the  iris  is  an  adjustable  diaphragm ;  and  when  the  puptl  caJ 
tracts  in  near  vision  the  more  divergent  rays  proceeding  froinfl 
near  object,  which  tend  to  fall  on  the  circumferential  pcirts  of  tifl 
lens,  are  cut  off.     As,  however,  the  refractive  power  of  the  les 
does  not  increase  regularly  and  progressively  from   the  centre  H 
the  circumference,  but  varies  most  irregularly,  the   purpose  of  tfl 
narrowing   of   the   pui)il  cannot  be  simply  to    obviate  sphericfl 
aberration  ;    and    indeed   the  other  optical  imperfections  of  tKe 
eye  are  so  great,  that  such  spherical  aberrations  as  arc  caused  by 
the  lens  produce  do  obvious  eti'ect  on  vision.  ^ 

Astigmatism.  We  have  hitherto  treated  the  eye  as  if  its 
dioptric  surfaces  were  at)  parts  of  perfect  spheritral  surfaces,  la 
reality  this  is  rarely  the  case,  either  with  the  lens  or  with  the 
cornea.  Slight  (Jeviiitions  do  not  [>roduce  any  marked  eiicct,  but 
there  is  one  deviation  which  is  present  to  a  certain  extent  in  raofl 
eyes,  and  is  very  largely  developed  in  some,  known  as  reguM 
astigmatism.  This  exists  when  the  dioptric  surface  is  not  spherics 
but  more  convex  along  one  meridian  than  another,  more  convcfl 
for  instance,  along  the  vertical  than  along  the  horizontal  mcrHlt^fl 
When  this  is  the  case  the  rays  proceeding  from  a  luminous  poifl 
are  not  brought  to  a  single  focus  at  a  point,  but  possess  two  linefl 
foci,  one  nearer  than  the  normal  focus  and  coiTesponding  to  tlfl 
more  convex  surface,  the  other  farther  than  the  norma.!  aflfl 
corresponding  to  the  less  convex  surface.,  if  the  verticfl 
meridians  of  the  surface  be  more  convex  than  the  horizontal,  thi^ 
the  nearer  linear  focus  will  be  honzontal  and  the  farther  JineH 
focus  will  be  vertical,  and  rife  z>crsd,  (This  can  be  shewn  iiiud| 
more  effectuaUy  on  a  model,  than  in  a  diagram  in  which  we  are 
limited  to  two  dimensions.)  Now,  in  order  lo  see  a  vertical  line 
distinctly,  it  is  much  more  important  that  the  rays  which  tliverg|fl 
from  the  line  in  the  series  of  horizontal  planes  should  be  brougllH 
to  a  focus  proj>erly  than  those  which  diverge  in  the  vertical  pUnfl 
of  the  Ime  itself;  and  similarly,  in  onier  to  see  a  horizontal  lififl 
distinctly  it  is  much  more  impoitant  that  the  rays  which  divergW 
from  the  line  in  the  scries  of  vertical  planes  should  be  brought  ^B 
a  focus  properly  than  tliose  which  diverge  in  the  horizontal  plane 
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of  the  line  itself.  Hence  a  horizontal  line  held  before  an  astig- 
matic dioptric  surface,  most  convex  in  the  vertical  roemlians^  will 
give  rise  to  the  image  of  a  horizontal  line  at  the  nearer  focus,  tl  e 
vertical  rays  divtrrging  from  the  line  being  here  brought  to  a 
linear  horizontal  focus.  Similarly,  a  vertical  Ime  held  before  the 
same  surface  will  give  rise  to  an  image  of  a  vertical  line  at  the 
faiiher  focus,  the  horizontal  rays  diverging  from  the  vertical  Ime 
btmg  here  brought  to  a  linear  vertical  locus.  In  other  words, 
witn  a  dioptric  surface  most  convex  in  the  vertical  meridians, 
horizontal  lines  are  brought  to  a  focus  sooner  than  are  vertical 
lines* 

Most  eyes  are  thus  more  or  less  astigmatic,  and  generally  with 
a  greater  convexity  along  the  vertical  meridians.  If  a  set  of 
horizontal  or  vertical  lines  be  looked  at,  or  if  liu  near  pomt  of 
accommodation  be  determined  by  Scheiner's  experiment  (p»  514), 
for  the  needle  placed  first  horizontally  and  then  vertically,  the 
horizontal  lines  or  needle  will  be  distinctly  visible  at  a  shorter 
distance  from  the  eye  than  the  vertical  lines  or  needle.  Similarly, 
the  vertical  line  must  be  farther  from  the  eye  than  a  horizontal  one, 
if  both  are  to  be  seen  distinctly  at  the  same  time.  The  cause  of 
astigmatism  is,  in  ihe  great  majority  of  cases,  the  unctjuaj  curva- 
ture of  the  cornea  ;  but  sometimes  the  fault  lies  in  the  lens,  as  was 
ihc  case  with  Voung. 

When  the  curvature  of  the  cornea  or  lens  differs  not  in  two  meri- 
di<ins  only  but  m  several,  irregular  astigmatism  is  the  re'»ult.  A  ccrt.«iii 
amount  of  irregular  astigmatism  exists  in  most  lenses,  thus  causing  the 
image  of  a  bright  pomt,  such  as  a  star,  to  be  not  a  circle  but  a  radiate 
figure 

Chromatic  Aberration.  The  different  rays  of  the  spectrum 
are  of  djlierent  refrangibility,  those  towards  the  violet  end  of  the 
spectrum  being  brought  to  a  focus  sooner  than  those  near  the  red 
end.  This  in  optical  instruments  is  obviated  by  using  compound 
lenses  made  up  of  various  kinds  of  glass.  In  the  eye  we  have  no 
evidence  that  the  lens  is  so  constituted  as  to  correct  this  fault ;  still 
the  total  disjiersive  pt>wer  of  the  instrument  is  so  small,  that  such 
amount  of  chromatic  aberration  as  does  exist  attracts  little  notice. 
Nevertheless  some  slight  abcrraiion  may  be  delected  by  careful 
observation.  When  the  spectrum  is  observed  at  some  distance 
tlic  violet  end  will  not  be  seen  in  focus  at  the  same  time  as  the  red* 
If  a  luminous  point  be  looked  at  dirough  a  narrow  orifice  covered 
by  a  piece  of  violet  glass,  which  while  shutting  out  the  yellow  and 
green  allows  the  red  and  blue  rays  to  pass  through,  there  wi  I  be 
ieen  alternately  an  image  having  a  blue  centre  with  a  «ol  lx\x^>«^ 
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or  Ji  red  ceDtre  with  a  blue  fringe,  acconiing  as  the 
(lOfOt  iiMked  at  is  tfarovn  oa  ooe  side  or  ocfacr  ot  the 
Tbos  suppod]]g/(Fig.  53)  to  be  the  plane  of  the 
A,  the  Yiolet  tzys  trill  be  bronglit  to  a  focns  in  the 
the  red  rays  to  the  plane  H ;  i  tiie  isjs  be  supposed 
the  rediu  between  l^andy^  the  direrginig  or  blue  ra^ 
a  centre  sarromided  hf  the  stiU  oofiTerging  red  lajs  \ 
the  rays  £dl  on  the  retina  between  /  and  R^  the 
rays  will  form  a  centre  with  the  still  divefging  blue  lays 
fringe  round  them  \  when  the  object  is  in  fooos  aty^  the 
of  rays  will  be  mixed  togetho:. 


T    Jt 
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tW  blue,  it  «f  tbc  nd  nys. 
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Entoptic  Phenomena,     The  various  media  of  the 
not  uniformly  transparent ;  the  rays  of  light  in    passing 
them  undergo  local  absoq>tion  and  refraction,   and  thus  y 
shadows  are  thrown  on  the  retina,  of  which  we  become  co 
as  imperfections  in  the  field  of -vision,  especially  when   the 
directed  to  a  uniformly  iiluminated  surface.     These  are  spo 
as  entoptic  phenomena,  and  are  veiy  varied,  many  forms 
been  described 

The  most  common  are  those  caused  by  the  presence  of 
ing  bodies  in  the  vitreous  humour,  the  so-called  musae  vah 
These  are  readily  seen  when  the  eye  is  turned  towards  a  i 
surface,  and  are  frequently  very  troublesome  in  looking  thri 
microscope.  They  assume  the  fom^of  rows  and  groups  of  b 
of  single  beads,  of  streaks,  patches  and  granules,  and  may 
cognised  by  their  almost  continual  movement,  especially  wh 
head  or  eye  is  moved  up  and  down.  When  an  attempt  is 
to  fix  the  vision  upon  them,  they  immediately  float  away, 
on  the  cornea,  temporary  unevenness  on  the  anterior  surfa 
the  cornea  after  the  eyelid  has  been  pressed  on  it,  and  imp< 
lions  in  the  lens  or  its  capsule,  also  give  rise  to  visual 
Not  unfrcqucntly  a  radiate  figure  corresponding  to  the 
ment  of  the  fibres  of  the  lens  makes  its  appearance. 
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Imperfections  in  the  margin  of  the  pupil  appear  in  the  shadow  of 
the  iris  which  bounds  the  field  of  vision ;  and  the  movements  ot  the 
iris  m  one  eye  may  be  rendered  visible  by  alternately  closing  and 
opening  the  other  ;  the  field  of  the  first  may  be  observed  to  contract 
when  light  enters,  and  lo  expand  when  the  light  is  shut  off  from  the 
second.  The  media  of  the  eye  are  fluorescent ;  a  condition  which 
favours  the  perception  of  the  ultra-violet  rays.  If  a  white  sheet  or 
white  cloud  be  hxiked  at  in  daylight  through  a  Nicol's  prism^  a  some* 
what  bright  double  cone  or  double  tuft,  with  the  apices  touching,  of  a 
faint  blue  colour,  is  seen  in  the  centre  of  the  field  of  vision,  crossed  by 
a  similar  double  cone  of  a  somewhat  yellow  darker  colour.  These  are 
spoken  of  as  Haidinger's  brushes  ;  they  rotate  as  the  prism  is  rotated, 
and  are  supposed  to  be  due  to  the  unetjual  absorption  of  the  polarised 
light  in  the  yellow  spot.  The  prism  must  be  frequently  rotated,  as 
when  the  prism  remains  at  rest  the  phenomena  fade.  Lastly,  accord- 
ing lo  Helmholti,  the  optical  arrangements  have  a,  further  imperfection 
in  that  the  dioptric  surfaces  are  not  truly  centred  on  the  optic  axis. 

Sec.  2,    Visual  Sensations. 

Light  falling  on  the  retina  excites  sensory  impuUes^  and  these 
passing  up  the  optic  nerve  to  certain  parts  of  tJie  brain,  produce 
changes  m  certain  cerebral  structures,  and  thus  give  rise  to  what  we 
c;tll  a  sinsatian.  In  a  sensation  wc  Ought  to  be  able  to  distinguish 
between  the  events  through  which  the  impact  of  the  rays  of  light 
on  the  retina  is  enabled  to  generate  sensory  impulses,  and  the 
events,  or  rather  series  of  events,  through  which  these  sensory  im- 
pulses (for,  judging  by  the  analogy  of  motor  nerves,  we  have  no 
reason  to  think  that  they  undergo  any  fundamental  changes  in 
passing  aloDg  the  opiic  nerve),  by  the  agency  of  the  cerebral  ar- 
rangements, develope  into  a  sensation.  Such  an  analysis,  however, 
is,  at  present  at  least,  in  most  particulars,  quite  beyond  our  power ; 
and  we  must  therefore  treat  of  the  sensations  as  a  whole,  dis- 
tinguishing between  the  peripheral  and  central  phenomena,  on  the 
rare  occasions  when  we  are  able  to  do  so. 

Ifie  Origin  of  Visual  Impulses. 

Of  primary  importance  to  the  understanding  of  the  way  in 
which  luminous  undulations  give  rbc  to  those  nervous  changes 
which  pass  along  the  optic  nerve  as  visual  impulses,  is  the  lact 
that  the  rays  of  light  produce  their  effect  by  acting  not  on  the  optic 
nerve  itself  but  on  its  terminal  organs  (see  p.  507),  They  pass 
through  the  anterior  layers  of  the  retina  apparently  without  in- 
ducing any  effect ;  it  is  not  till  tliey  have  reached  the  region  of  the 
rods  and  cones  that  they  set  up  the  changes  concerned  in  the 
generation  of  visual  impulses ;  and  the  impulse  Vv«^  ^«;tycx^\«^ 
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eye  of  the  same  side,  projected  on  the  wall,  an  image  of  the 
tinaj  vessels,  quite  similar  to  that  seen  on  looking  into  an  eye 
with  the  ophthalmoscope.  The  field  of  vision  is  illuminated 
with  a  glare,  and  on  this  the  branched  retinal  vessels  appear  as 
shadows.  In  this  mode  of  experimenting  the  light  enters  the  eye 
through  the  cornea,  and  an  image  of  the  candle  is  formed  on  the 
nasal  side  of  the  retina ;  and  it  is  the  light  emanating  from  this 
image  which  throws  shadows  of  the  retinal  vessels  on  to  the  rc^t 
of  the  retina.  A  far  better  method  is  for  a  second  person  to  con- 
centrate the  rays  of  light,  with  a  lens  of  low  power,  on  to  the 
outside  of  the  sclerotic  just  behind  the  cornea  ;  the  light  in  this 
case  emanates  from  the  illuminated  spot  on  the  sclerotic  and  pass- 
ing straight  through  the  vitreous  humour  throws  a  direct  shadow 
of  the  vessels  on  to  the  retina.  Thus  the  rays  passing  through 
the  sclerotic  at  ^>  Fig.  54,  in  the  direction  ^f,  will  throw  a  shadow 


Fhx  S4-    Diagram  TLLtnrrxATUia  tkk  rowwATioH  op  Pvrkinjs**  Picitms  itiixn  rits 

IlLDMIMATVOM  O  DIRBCTBD  TMKOUQM  TK«  SCLBaOTIC. 

of  the  vessel  r  on  to  the  retina  at  0;  this  will  appear  as  a  dark 
line  at  B  in  the  glare  of  the  field  of  vision.  This  proves  that  the 
structures  in  which  visual  impulses  originate  must  lie  behind  the 
retinal  vessels,  otherwise  the  shadows  of  these  could  not  be 
perceived. 

If  the  light  be  moved  from  A  to  a,  the  shadow  on  the  retina  will 
move  from  fi  to  a,  and  the  dark  line  m  the  field  of  vision  will  tnovc  from 
B  to  A*     If  the  distance  BA  be  measured  when  the  ^VvtAt  \\vva3t*^  x'^ 
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projccled  at  a  known  distance,  JtB  from  the  eye,  ^  being  tKc 
centre*,  then,  knowing  the  distance,  /-l  ^n   \\u-   tii:icTini.nvif  ,    rre, 
distance  fia  can  be  calculated.     But 
and  the  distance  da  be  directly  mc 
can  be  calculated,  and  if  the  appearajicc  m  the  in 
caused  by  the  shadow  of  v  falling  on  3,  these  dist*i;  o 

spond  to  the  distances  of  the  retinal  vessels  r  from   the  ickr 
the  one  hand,  and  from  that  part  of  the  retina  ^  where  visual 
sions  begin,  on  the  other.     H.  MiiUer  found  that   the  distance 
calculated  corresponded  to  the  distance  of  the  retinal  vessels  from 
layer  of  rods  and  cones.     Thus   Purkinje's  figures   prove  in  the : 
place  Uiat  the  sensory  impulses  which  form  the  commencement 
visuaj  sensations  originate  in  some  part  of  the  retirva  behind  the  ret 
vcsivci.s,  /V.  somewhere  between  them  and  the  choroid  coat ;  and 
Mullcr's  calculations  go  far  to  show  that  they  originate  at   the  o 
posterior  or  external  part  of  the  retina,  viz.  the  layer  of  rods  and  coi 
It  must   be  admitted  however  that    H.   M tiller's    results   were 
sufficiently  exact  to  allow  any  great   stress   to   be    placed   on 
argument, 

It  is  desirable  in  these  cases  to  move  the  light  to  and 
especially  in  the  first  method,  as  the  retina  soon  becximes  tired, ; 
the  image  fades  away.  Some  observera  can  recognize  in  the  ; 
of  vision,  a  faint  shadow  corresponding  to  the  edge  of  the 

pression  of  the  fovea  centralis. 

In  the  second  method  of  exfverimcnting,  the  image  always  mc 
in  the  same  direction  as  the  li^ht,  as  it  obviuu<:ly  must  do.     In  the! 
method,  where  the  light  enters  through  the  cornea,  the  imag^c  moves 
the  same  direction  as  the  light  when  the  I'ght  is  moved  from  righl 
left,  provided  the  movement  does  not  extend  beyond  the  middle  of 
cornea,  but  in  the  opposite  direction  to  the  hght  when    the  latter 
moved  up  and  down.     In  Fig.  55,  which  represents  a  horiionlal  seci 
of  an  eye,  if  a  be  moved  to  a,  /*  will  move  to  ^,  the  shadow  cm 
retina  i  to  y,  and  the  image  d'to  d.     If  on  the  other  h*ind  a  be  s 
posed  to  move  above  the  plane  of  the  paper,  ^  will   move  bclow» 
consequence  c  will  move  above,  and  it  will  appear  to  move  below, 
d  will  &mk  as  <7  rises. 

The  retinal  vessels  niay  also  be  rendered  visible  by  looking  throa 
a  small  orifiic  at  a  bright  field  such  as  the  sky,  and  moving  the  oril^ 
very  rapidly  from  >idc  to  side  or  up  and  down.      If  the  movement 
from  side  to  side,  the  vessels  which  run  vertical  will  be  seen  ;  if 
and  down,  the  horizontal  vessels.     The  hne  capillary  vessels  are  s< 

"  For  the  properties  of  the  optical  centre,  we  mo-st  refer  the  reader  to 
various  treatises  on  optics.     The  optical  centre  of  a  Icns  is  the  point  thnM 
which  all  the  principal  ra.y>i,  of  the  various  pencils  of  rays  falling  on  the 
piis-;.     The  dia^ammatic  eye  of  Lislin^  (p.   513)  has  two  optical 
these  may,  without  serious  error,  be  further  retluced  for  practical   pi 
ctne  lying  in  the  lens  near  its  posterior  surface,  at  about  15  mm. 
ihc  retina. 
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more  easily  In  this  way  than  by  Purkinjc's  method.  I1ic  same  ap- 
pearances may  also  be  produced  by  looking  throu^^h  a  microscope  from 
¥^hich  the  objective  has  been  remo^^ed  and  the  eyc-piecc  only  left  (or 
in  which  at  least  there  is  no  object  distinctly  in  focus  in  the  field),  and 
movm^  the  head  rapidly  from  side  to  side  or  backwards  and  forwards. 
Or  the  microscope  itself  may  be  moved  ;  a  circular  movement  of  the 
field  will  then  bring  both  the  vertical  and  borizootally  directed  vessels 
into  view  at  the  same  time. 


Wtn.  55.    DiACKAM  nxmrmA-nnc  ths  Fommatiox  or  VomtanjK's  Figvmb  whkh  rm 

iLLUMlNATtOM   IS  OlftKCTKD   rifftOUGH   THX  CoRMRA. 

The  Photochemistry  of  the  Retina.  In  seeking  to  under- 
stand how  it  is  that  rays  of  Light  falling  upon  the  region  of  the  rods 
and  cones  can  give  rise  to  visual  impulses  in  the  optic  nerve  we 
naturally  turn  to  a  chemical  explanation.  Wc  arc  familiar  with  the 
fact  that  rays  of  light  are  able  to  bring  about  the  decomposition  of 
very  many  chemical  substances ;  and  we  acconlingly  speak  of 
these  substances  as  being  sensitive  to  light.  All  the  facts  dwelt 
on  in  this  book  illustrate  the  great  complexity  and  corresponding 
instability  of  the  composition  of  protoplasm.  And  wc  might 
reasonably  suppose  that  protoplasm  itself  would  be  sensitive  to 
light  J  that  is  to  say  that  rays  of  hght  falling  on  even  undiffcrcn* 
tiated  protoplasm  might  set  up  a  decomposition  of  that  protoplasm 
and  so  inaugurate  a  molecular  disturbance  ;  in  order  words,  that 
light  might  act  as  a  direct  stimulus  to  pnatoplasm.  As  a  matter 
of  fact,  however,  such  evidence  as  we  at  present  possess  goes  to 
shew  that  native  umliffcrcntiated  protoplasm  is  not  sensitive  to 
light  (that  is,  to  those  particular  waves  which  when  they  fell  on 
our  retina  give  rise  in  us  to  the  sensation  of  light),  though  in  at 
least  one  instance  a  lowly  organism,  whose  protoplasm  exhibits 
very  little  differentiation  and  in  particular  contains  no  pigment, 
does  manifest  a  sensitiveness  to  light'.     Nor  can  we  be  surprised 

'  Engdniann,  Pflu|»cr'k  ArtAtv,  XIX.  (1879)  p.  1. 
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at  this  indifference  to  protoplasm  when  we  reflect  that  wb*!  %t 
may  call  pure  piotoplasm  is  remarkable  for  its  trar^----'^--  ♦' " 
is  to  say,  the  rays  of  light  pass  through  it  with  the  sli 
absorption.  But  in  order  that  light  may  protiuce  ciieuHeu.  rucv.^ 
it  must  be  absorbed  ;  it  must  be  spent  in  doing  the  chemical  work. 
Accordingly  the  first  step  towards  the  forroation  of  ao  organ  yf 
vision  is  the  difTerentiation  of  a  portion  of  protoplasm  inio  i 
pigment  at  once  capable  of  absorbing  light  and  sensitive  to  hght, 
t\e,  undergoing  decomposition  upon  exposure  to  light.  Aa 
organism,  a  portion  of  whose  protoplasm  had  thus  become  dilk 
entiated  into  such  a  pigment  would  be  able  to  react  tou*ards 
The  light  falHng  on  the  organism  would  be  in  part  absorbed  bf 
the  pigment,  and  the  rays  thus  absorbed  would  p)rodiicc  a  cbetnical 
action  and  set  free  chemical  substances  which  before  wtfie  &oc 
present.  We  have  only  to  suppose  that  the  chemical  substancci 
are  of  such  a  nature  as  to  act  as  a  stimulus  to  the  protoplasm  of 
other  parts  of  the  organism,  (and  we  have  manifold  evidence  of 
the  exquisite  sensitiveness  of  protoplaMn  in  general  to  chemical 
stimuli),  in  order  to  see  how  rays  of  light  falling  on  the  organisnu 
might  excite  movements  in  it,  or  modify  movements  wliirh  wi 
being  carried  on,  or  might  otherwise  affect  the  organism  in  wl 
or  in  part '. 

Sudi  considerations  as  the  foregoing  may  be  applied  to 
even  the  complex  organ  of  vision  of  the  higher  animals;.  If 
we  suppose  that  the  actual  terminations  of  the  optic  nerve  ait 
surrounded  by  substances  sensitive  to  light,  then  it  becomes  cast 
to  imagine  how  light  falling  on  these  sensitive  substances  should 
set  free  chemical  bodies  possessed  of  the  property  of  acting  3« 
stimuli  to  the  actual  nerve-endings  and  thus  give  rise  to  vi  m  ! 
impulses  in  the  optic  fibres.  We  say  *  easy  to  imagine,*  but  ^  - 
are,  at  present,  (ur  from  being  able  to  give  definite  proofs  that  >u*:h 
an  exf)lanation  of  the  origin  of  visual  impulses  is  the  true  nmr, 
probable  and  enticing  as  it  may  appear.  One  of  the  niosi 
striking  features  in  the  structure  of  the  retina  is  the  abundance  oi 
pigment  in  the  retinal  or  as  it  is  sometimes  called  choroidal  epiiiitr* 
Hum.  It  is  difficult  to  suppose  that  the  sole  function  of  this  pignJcnl 
is  to  absorb  the  superfluous  rays  of  light,  and  that  the  rays  thus 
absorbed  are  put  to  no  use  but  simply  wasted ;  and  Kiihnc ' 
indeed  has  shewn  that  the  pigment  is  sensitive  to  light  ;  but  the 
changes  in  it  induced  by  light  are  excessively  slow,  and  vision  is 
not  only  possible  but  lairly  distinct  with  albinos  in  which  this 
pigment  is  absent. 


'  Cf.  Kiihne,  Zur  Pkoiocktmu  der  Ndxkmit 
■  Journal  of  Physi&hgy^  I.  ( iSyS^  pp. 
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Then  again,  in  the  vast  majority  of  vertebrate  animals,  the 
Iter  limbs  of  the  rods  are  suffused  with  a  purplish  red  pigment, 

so-called  visual  purple^  which  is  so  eminently  sensitive  to  light 

images  of  external  objects  may  by  appropriate  means  be 

tographed  in  it  on  the  retina.     And  upon  the  first  discovery 

this  visual  purple  we  seemed  to  have  found  the  substance  of 

lich  we  are  in  search.     But  unfortunately  this  pigment  is  absent 

►ra  the  cones,   and   from  the   fovea  centralis,  which  as  we  shall 

is  the  region  of  distinct   vision ;  it  is  further  entirely  wanting 

some  animals  whicli  undoubtedly  see  very  well,  and  lastly 
limals,  such  as  the  frog,  naturally  possessing  the  pigment,  con- 
me  to  see  very  well  when  it  has  been  absoluttily  bleached,  as  it 
ly  bp  by  prolonged  exposure  of  the  eyes  to  strong  light.     We 

mot  therefore  at  present  at  least  explain  the  origin  of  visual 
ipulses  by  the  help  of  visual  purple.    But  at  the  same  time  Jt  must 

remembered  that  the  discovery  of  its  existence  is  a  step  in  the 

iired  direction  ;  though  it  has  failed  us  now,  it  gives  promise  of 
icccss  in  the  ftiture. 

That  in  the  retina  there  does  exist  a  substance  or  do  exist  sub- 
stances, presumably  of  the  sensitive  nature  which  we  have  indicated, 
which  are  used  up  in  vision,  has  been  urged  by  Exner'  to  be  proved  by 
the  following  experiment 

It  is  well  known  that  when  pressure  is  forcibly  applied  to  the  eye- 
ball, the  retina  speedily  becomes  insensible  to  light.  If  a  sheet  of 
paper,  one  half  of  which  is  white,  and  the  other  blacki  but  having  in 
its  middle  a  white  patch  covered  temporarily  with  black,  beheld  before 
ihc  eyes,  and  if  whdc  looking  at  the  sheet,  the  eyeball  be  pressed  till 
the  white  half  is  no  longer  visible,  and  then  the  cover  of  tlie  white 
patch  in  the  black  half  be  suddenly  withdrawn,  the  wliitc  patch  is 
recognized  for  a  while  though  the  white  half  is  invisible  ;  very  soon 
however  the  white  patch  f.ides  away  too.  Exncr's  argument  is  that 
the  blindness  due  to  pressure  must  be  caused  not  by  a  mere  loss  of 
conductivity  of  the  nervous  :>tructures,  but  by  a  consumption  of  visual 
substance  which,  owing  to  the  pressure  checking  the  nutritive  supply, 
cannot  be  furnished  rapidly  enough.  Thus  in  the  retina  corresponding 
to  the  white  half  of  the  sheet  loo  ced  at  this  visual  substance  is  being 
used  up,  while  in  that  part  which  corresponds  to  the  white  patch,  there 
is  no  consumption  as  long  as  the  black  cover  is  kept  on.  When  tlie 
black  cover  is  removed,  the  rays  from  the  white  patch  accordinijly  find 
some  visual  substance  to  work  upon,  and  hence  the  patch  is  visible 
until  the  supply  of  visual  substance  here  also  is  in  turn  exhausted. 
Kuhne'  however,  ur^jcs  that  Exncr's  interpretaiion  is  not  valid  and 
that  the  phenomena  may  t>c  explained  on  the  Law  of  Contrast,  of 
which  we  shall  treat  presendy,  mantfested  in  a  not  wholly  exhausted 
retina. 

*  Prtugcr's  ArcAiv,*xvi,  (187S)  p.  407. 

•  UtUfrsu^M.  Phyii^,  Inst.  Wuiu',,  Bd.  u.  (1878)  p.  46. 
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But  even  admitting  as  probable  the    existence    of 
visual  tsubstances,  the  products   of  whose 
stimuli  to  the  real  endings  of  the  retinal  nervous  m 
cannot  at  present  stale  anything  definite  concerning 
endings  or  the  manner  of  their  stimulation.      It   tnay 
the  outer  limbs  of  the  rods  and  cones  in  spite  of 
break  of  continuiiy  between  the  outer  and   inner  liin 
nervous  in  nature.     It  may  be  on  the  other  hand  that 
limbs  are  either  purely  dioptric  in  function   or  arc   in 
associated  with  the  sensitive  visual  substances,  so  that  the 
structures  must  be  considered  as  extending  at  least  no  furti 
the  inner  limbs.     We  cannot  as  yet  make  any  definite 

in  the  one  direction  or  the  other. 

« 

Visual  Purple.  As  Jong  ago  as  i  S39  Krohn  called  attenti 
rose  colour  of  the  reiinas  of  ccphalup<»Ji ;  hut  chough  his  oj 
were  conlirmcd  by  Max  Schuhze  and  others,  and  ihou^h 
afterwards  H.  Miiller,  anJ  Leydigand  Mix  Schul^  ' 
col  juration,  in  the  retinas  of  fro^ji  and  other  vertcbr 
not  attract  any  great  interest  until  Boll*  discQver<^,L  ^  ,.,, 
WIS  in  the  living  antmal  ausceptible  to  light,  being  bleach 
animal  was  exposed  to  light  but  returning  again  when  the 
kept  in  the  dark.  He  found  that  when  the  eye  of  a  fro^ 
been  kept  for  some  time  in  the  dark  was  rapidly  open 
limbs  of  the  rods  of  the  retina  presented  a  very  beauiitiii 
(as  he  afterwards  preferred  to  call  it)  red  colour^  which  ah 
seconds  changed  into  a  yellow  and  tinally  diatpijearei,  leaving 
colourless.  Scattered  among  the»c  red  or  pur^/le  rods  w*ere 
of  bright  green  rods,  the  colour  of  which  also  faded  on  ex 
light.  If  the  frog  had  previously  been  exposed  for  sonfie 
bright  light,  the  retina,  even  w«h  the  inost  npid  manip 
found  to  be  colourless.  And  by  cxamuiing  ;it  intervals 
tcries  of  frogs  which  after  being  kept  in  the  dark  had  been 
li^ht  for  variable  periods,  and  conversely  ot  frogs  which,  arter 
posure  to  bright  light,  had  been  kept  in  the  dark  for  variable  p 
Boll  was  cnniblcd  to  satisfy  himself  that,  in  the  living  eye  the  cd 
the  rods  was  destroyed  by  expoiure  to  light  and  restored  by  rest 
dark.  Using  under  similar  circumstances  monochioinatic  in 
white  light,  he  came  to  the  conclu-iion  that  under  exposure  to 
tig  it  the  retina  became  first  purple,  then  violet,  and  finally  col 
un  Icr  blue  and  violet  hght,  it  first  suffered  a  change  to  violet  and 
lost  all  colour;  while  under  red  light  it  became  a  deeper  red, 
yellow  light  a  brighter  red,  and  when  exposed  to  the  ultra-viol 
underwent  very  little  change.  He  found  this  visual  purple  or 
red  in  the  outer  limbs  of  the  rods  not  only  of  the  frog,  but  of  all 
vertebrates^  including  mammalia,  who^c  retinas   contain  sufii 

•  Ber/tm.   SitmngsbeHchiet   1S76.  Silzung  Noy.   12;  1877,  Sitting, 
Du  BuiS'Kcymond's  Archh/t  1S77,  p.  4. 
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inspicuous  rods.     He  concluded 
concerned  in  the  act  of  vision, 

Kiihnc'  taking  up  and  largely  extending  Boll's  discovery  has  been 
led  to  the  followintj  results  : 

The  colour  of  the  rods  is  susceptible  to  light  not  only  during  life 
but  also  after  death,  the  fading  which  occurs  after  the  removal  and 
opening  of  an  eye  being  due  not  to  ^si  mortem  changes  but  to  the 
Action  of  light. 

The  colour  of  the  rods  is  due  to  the  presence  of  a  distinct  pigment, 
the  visual  purple,  which  m,iy  be  extracted  from  the  substance  of  the 
rods  by  dissolving  these  in  an  aqueous  solution  of  bile  salts,  A  clear 
purple  solution  is  thus  obtained,  which  is  capable  of  being  bleached 
Idv  the  action  of  light,  and  in  its  general  features  and  behaviour  is 
similar  to  the  pigment  as  it  naturally  exists  in  the  retina. 

Visual  purple  is  found  exclusively  in  the  outer  limbs  of  the  rods  ;  it 
has  never  yet  been  found  in  the  cones,  and  it  is  accordingly  absent 
from  the  retinas  of  animals  (such  as  those  of  snakes)  which  are  com- 
posed of  cones  only,  ami  from  the  macula  lutea  and  fovea  centralis  of 
the  retinas  of  man  ;ind  the  ape.  The  intensity  of  the  colouration  varies 
in  different  animals,  and  the  retinas  even  of  some  animals  possessing 
rods  (bat,  dove,  hen)  seem  to  be  wholly  devoid  of  the  visual  purple  ; 
it  is  generally  well  marked  in  retinas  in  which  the  outer  limbs  of  the 
rods  are  well  developed.  Its  absence  or  presence  is  not  dependent  on 
no  turnal  habits^  since  the  intense  colour  of  the  retina  of  the  owl  is  in 
strong  contrast  to  the  absence  of  colour  in  the  bat.  It  has  been  found 
in  the  retina  of  a  sheep*5  embryo.  As  a  general  rule  the  amount  of 
pigment  present  may  be  said  to  be  in  inverse  ratio  to  the  development 
of  coloured  *  globules'  or  *  lenses '  in  the  rods  and  cones  ;  bat  it  would 
be  premature  to  insist  on  any  exact  relation. 

The  visual  purple  is  bleached  not  only  by  white  but  also  by  mono- 
chromatic light  ;  the  change  however  in  the  latter  is  slower  than  in  the 
former.  Of  the  various  prismatic  rays  the  most  active  are  the  greenish 
yellow  rays,  those  to  the  blue  side  of  these  coming  next,  the  least 
active  being  the  red.  Now  it  is  precisely  the  greenish  yellow  rays 
which  are  most  readily  absorbed  by  the  colour  itself  A  naiuml 
colojred  retina  or  a  solution  of  visual  purple  gives  a  diffuse  spectrum 
without  any  defined  absorption  bands,  and  according  to  the  amount  of 
colourmg  material  through  which  the  light  passes,  absorption  is  seen 
either  to  be  limited  to  the  greenish  yellow  part  of  the  spectrum  or  to 
spread  thence  towards  the  blue  and  to  a  much  less  extent  towards  the 
red*  Thus  the  various  prismatic  rays  produce  a  photochemical  effect 
on  the  visual  purple  in  proportion  as  they  are  absorbed  by  it.  Under 
the  action  of  light  the  visual  purple,  whether  in  solution,  or  in  its 
natural  condition  in  the  rods,  passes  through  what  Kuhne  calls  a 
chamois  colour  {i^e,  the  purplish  orange  seen  on  the  chamois)  to  a 
yellow,  and  linally  becomes  colourless  ;  and  Kuhne  believes  that  he  is 

*  Zur  PkciocJUmu  dtr  NeUkaut.  *  Ucbcr  dtn  Schpurpur,^  VerhanM,  d, 
maimrkui&ruchmtd.  VerttHt  in  Heiddberf^  Bd.  I.  1877.  *  Sehen  ohne 
Porpar^ '  (Jmitrsuch.  phyxieL  Imtii.  Heiddbirg,  Bd,  I.  1 877.     K  wald  &nd  Kuhne, 

Ueber  den  Sehpurpur/  HtU, 
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justified  in  speaking  of  a  visual  yellow  and  visual  white  as  prod) 
the  photochemical  changes  undergone  by  the  visual  purple. 

For  the  restoration  of  the  visual  purple,  after  it  has  been  d 
by  light,  the  maintenance  of  the  circulation  of  the  blood  throoj 
tissues  of  the  eye  is  not  essential.  The  choroidal  epithelitun  | 
itself,  provided  that  it  still  retains  its  tissue  life,  the  power  of  reg 
ting  the  puiplc.  If  a  portion  of  the  retina  of  an  excised  eye  be 
from  its  epithelial  bed,  bleached,  arid  then  carefully  restored 
natural  position,  the  purple  will  return  if  the  eye  be  kcpi  in  the 
The  choroidal  epithelium  may  in  fact  be  six>ken  of  as  a  *  pi 
genous'  membrane. 

If  an  excised  eye,  a  portion  of  the  retina  of  which  ba& 
bleached  by  light,  be  treated  with  a  4  p.  c.  solution  of  potash 
before  the  choroidal  epithelium  has  had  time  to  obliterate  the  bl 
effects,  the  retina  may  remain  permanently  in  that  conditiot 
photochemical  effect  may,  as  the  photographers  say,  be  fixed. 
vay  Kiihne  succeeded  in  obtaining  promising  *  optograms  V. 

The  above  facts  leave  no  room  for  doubt  that  the  visaal  puj 
in  some  way  concerned  in  vision,  but  it  is  impossible  at  present 
what  is  its  exact  function.  Its  conspicuous  absence  from  the 
and  especially  its  absence  from  the  fovea  centralis  of  man,  she 
vision,  indeed  the  be^t  and  most  exact  vision,  may  take  place  1 
it  ;  and  Kiihne  has  satisfied  himself  that  frogs  whose  retinas  hav 
wholly  and  thoroughly  bleached  by  exposure  to  light  can  see 
well.  It  is  very  tempting  to  connect  the  purple  in  some  ura 
colour  vision,  but  we  know  that  our  colour  vision  is  most  exact 
fovea  centrahs,  and  the  frogs  ju^st  spoken  of  seemed  to  be  as  susc 
to  colour  as  normal  frogs. 

Kuhne  and  Ewald  '  have  called  attention  to  the  remarkable  cl 
which  the  cells  of  the  retinal  pigment  epithelium  undergo   undi 
influence  of  light.     When  an  eye  has  been  shut  off  from  all  lig 
some  little  time  the  pi^^ment  is  concentrated  in  the  body  of  tht 
and  the  remar.^able  fringes  of  filamentous  processes  of  the  cell 
the  pigment  granules  or  crystals  which  these  carry,  extend  a 
distance  only  between  the  hmbs  of  the  rods  and  cones  (aboul 
third  down  the  length  of  the  outer  limbi  of  the  rods).     Und 
influence  of  light  these  processes  loaded  with  pigment  thrust 
selves  a  much  longer  way  down  towards  the  external  limiting 
brane ;  in  consequence  a  considerable  quantity  of  pignienl   is 
massed  between  the  outer  and  even  the  inner  limbs  of  the  rod 
cones  ;  indeed  the  outer  limbs  of  the  rods  swelling  at  the  same 
become  j  immed  as  it  were  between  the  misses  of  pigment, 
the  epithelial  layer  to  adhere  very  closely  to  the  layer  of  rod 
cones. 

Retinal  Currents,       Holmgren*  and    Dewar  and   Mc   Ken 
have  shewn  that  an  electrical  change  takes  place  in  the  rctiii 

«  l/nt*rsuck.  Physiol,  Inst,  Hfidel.^  Rd.  I.  1877-8. 

•  CiHirbt,  Meti,  Wtss,^  1871,  pp.  453,  43S :  an  earlier  notice  was  po] 
in  1865. 

*  Trans.  Hay.  Soc,  Edin,^  1875. 
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opik  nerve  whenever  the  former  ts  affected  by  light.  When  the 
clecirodcs  of  a  galvanomeier  are  placed  one  on  the  cornea  and  the 
other  on  the  posterior  surface  of  the  eyeball,  or  on  the  transverse 
section  of  the  optic  nerve,  the  galvanometer  indicates  tlir  existence  of 
a  current  corresponding  to  the  so-called  natural  nerve-currents,  the 
cnrnea  being  positive  ;  and  this  current  undergoes  a  variation  when 
light  falh  upon  or  is  withdrawn  from  the  eye.  To  eliminate  currents 
proceeding  from  the  iri^»  the  front  half  of  the  bulb  may  be  cut  away 
nmi  the  electrodes  placed  one  on  the  retina  and  the  other  on  tht 
hinder  sutface  of  the  eyeball  or  on  the  optic  ner^e  or  on  the  surface 
or  the  bram  ;  in  this  case  also  the  incidence  or  withdrawal  of  light 
p^oduc<^s  variations  in  the  "natural*  current*;  and  Dewar  and 
Mc  Kcndrick  find  that  these  variations  due  to  the  action  ol  light  may  be 
shewn  in  the  intact  body,  by  simply  placing  one  electrode  on  the 
cornea  and  the  other  on  some  portion  of  the  surface  of  the  body.  The 
variations  observed  are  sometimes  positive,  sometimes  negative^  or 
according  to  Dewar  and  Mc  Kendrick,  always  positive  at  first,  becoming 
negative  as  the  action  of  light  continues  (exhaustion)  with  a  positive 
rebound  upon  the  withdrawal  of  the  light  Currents  may  be  observed 
between  the  sclerotic  and  optic  neive  after  the  removal  of  the  retina, 
but  these  are  wholly  unaffected  by  light;  and  the  variations  just 
described  as  brought  about  by  light  appjear  to  be  in  proportion  to  the 
functional  activity  of  the  retina.  It  would  thus  appear  that  the  inci- 
dence of  light  on  the  retina  produces  electrical  changes  compan^ble  to 
those  resulting  from  the  stimulation  of  an  ordinary  nerve  ;  the  fact 
that  the  changes  frequently  appear  m  the  form  of  a  ^positive'  instead 
of  a  '  negative  variation '  may  in  the  present  stale  of  our  knowledge  of 
nerve-currents  be  fairly  considered  as  of  secondary  imporiance. 

Hohngren^has  shewn  that  these  retinal  currents  arc  manifested 
with  undiminished  energy  in  eyes  in  which  the  visual  purple  has  been 
completely  bleached,  and  on  the  other  hand  that  the  visual  purple  may 
contmue  to  exist  and  to  remain  purple  long  after  the  retinal  currents 
have  disappeared. 


SimpU  Sematums, 

Relations  of  the  Sensation  to  the  Stimulus*  If  we 
put  aside  for  the  present  all  questions  of  colour,  we  may  say  that 
light,  viewed  as  a  stimulus  affecting  the  retina,  varies  in  intensity, 
that  is,  in  the  energy  of  the  luminous  vibrations  as  manifested  by 
their  amplitude,  and  in  duration,  that  is,  in  the  length  of  time  a 
succession  of  waves  continue  to  fall  upon  the  retina.  The  eifect 
of  the  light  will  also  depend  on  the  extent  of  retinal  surface 
exposed  lo  the  luminous  vibrations  at  the  same  time.  Taking  a 
luminous  point,  in  order  lo  eliminate  the  latter  circumstance,  wc 
may  make  the  following  statements. 

The  sensation  has  a  duration  nrjuch  greater  than  that  of  the 
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stimulus,  and  in  this  respecl  is  comparable  to  a  musculo 
traction  caused  by  such  a  stimulus  as  a  single  induction 
The  sensation  of  a  flash  of  light  for  instance   lasts    for  a 
longer  time  than  that  during  which  luminous  vibrations  are 
on  the  retina.     Hence  when  two  stimuli,  such  as  two  fiaa 
light,  follow  each  other  at  a  sufficiently  short   intcrv'al,  th 
sensations  are  fused   into  one  ;    and   a   luminous    point 
rapidly  round  in  a  circle  gives  rise  to  the  sensation  of  a  conti 
circle   of    light.     This   again   is   quite   comparable    to    m 
tetanus.     The  interval  at  which  fusion  takes  place,    that 
interval  between  successive  stimuli  which  must   be    exceei 
order  that  successive  distinct  sensations  may  be  produced, 
according  to  the  intensity  of  the  light,  being   shorter  wit 
stronger  light ;  with  a  faint  light  it  is  about  ^u  ^^c.,  with   a 
light  ij^Q  or  ^jy  sec.    This  may  be  shewn  by  rotating  rapidly 
the  eye  a  disc  arranged  with  alternate  black  and  white  secf 
equal  width.     With  a  faint  illumination,  the  flickering  indi 
of  the  successive  sensations  from    the  white  sectors    not 
completely  fused,  ceases  when  the  rotation  becomes  so  rapi 
each  pair  of  black  and  white  sectors  takes  only  ^  sec.  in  p 
before  the  eye.     When  a  brighter  illumination  is  used  the  r 
must  be  increased  before  the  llickering  disappears.     That  [ 
the  sensation  which  is  recognized  as  kisling  after  the  cessat 
the  stirauhis  is  frequently  spoken  of  as  the  '  after-image/ 

Though  the  sensation  is  longer  with  a  stronger  light   (tha^ 
looking  at  the  sun  lasting  for  some  time)  the  commencement 
decline  begins  relatively  earUer,  hence  the  greater  difficulty 
complete  fusion  of  successive  sensations  with  the  brighter  light, 
interval   at   which   fusion  takes   place  differs  with  different  a 
being  shortest  with  yeltow,  intermediate  with  red,  and  long 
blue. 

The  duration  of  a  stimulus  necessary  to  call  forth  a  sei 
is  exceedingly  short,  that  is  to  say,  the  number  of  vib 
which  must  fall  on  the  retina  in  order  to  affect  consciousness 
be  exceedingly  small.  Thus  the  shortest  possible  flash,  si| 
that  of  an  electric  spark,  gives  rise  to  a  sensation  of  light. 

Objects   in   motion   when   illuminated  by  a  single  electric 
appear  motionless,   the   stimulus   of    the   light  reflected    from 
ceasing  before  they  can  make  an  appreciable  change  in  t ' 
When  a  moving  body  is  illuminated  by  several  rapid  fla-^ 
sion,  several  distinct  images  corresponding  to  the  po^^li.ltl-, 
body  during  the  several  flashes  are  generated  :    the  images 
body  corresponding  to  the  several  flashes  fall  on  different  parts 
retina. 
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The  intensity  of  the  sensation  varies  with  the  himinous  in- 
tensity of  the  object ;  a  wax  c^indle  appears  brighter  than  a  rush- 
light. The  ratio,  however,  of  the  sensation  to  the  stimulus  is  not 
a  simple  one.  If  the  luminosity  of  an  object  be  gradually  in- 
creased from  a  very  feeble  stage  to  a  vcfry  bright  one,  it  will  be 
found  that  the  correspond tng  sensations,  though  they  likewise 
^gradually  increase,  increase  less  and  less  slowly  than  the  lumi- 
'tiosity;  and  at  last  an  increase  of  the  luminosity  produces  no 
appreciable  increase  of  sensation ;  a  light  when  it  reaches  a 
certain  brightness,  appears  so  bright  that  we  cannot  tell  when  it 
becomes  any  brighter.  Hence  it  is  much  easier  to  distinguish  a 
slight  difference  of  brightness  between  two  feeble  lights  than  the 
same  difference  between  two  bright  lights ;  we  can  easily  tell  the 
difference  between  a  rushlight  and  a  wax  candle  j  but  two  suns, 
one  of  which  differed  from  the  other  merely  by  just  the  number 
of  luminous  rays  which  a  wax  candle  emits  in  addition  to  those 
sent  forth  by  a  rushlight,  would  appear  to  us  to  have  exactly  the 
same  brightness.  In  a  darkened  room  an  object  placed  l>efore  a 
candle  will  throw  what  we  consider  a  deep  shadow  on  a  slicet  of 
paper,  or  any  white  surface.  If,  however,  the  sunlight  be  allowed 
to  fall  on  the  paper  at  the  same  lime  from  the  opposite  side,  the 
shadow  is  no  longer  visible.  The  difference  between  the  total 
light  reflected  from  that  part  of  the  paper  wliere  the  shadow  was, 
and  which  is  illuminated  by  the  sun  alone,  and  that  reflected  from 
the  rest  of  the  paper  which  is  illuminated  by  the  candle  as  well  as 
by  the  sun,  remains  the  same ;  yet  we  can  no  longer  appreciate 
that  difference. 

On  the  other  hdnd,  if  using  two  rushlights  we  throw  two  shadows 
on  a  white  surface  and  move  one  rushlight  away  until  the  shadow 
caused  by  it  ceases  to  be  visible ;  and,  having  noted  the  distance  to 
which  it  had  to  be  moved,  repeat  the  same  experiment  with  two  wax 
candles  ;  we  shall  find  that  the  wax  candle  has  to  be  moved  just  as  far 
as  the  rushlight.  In  fact,  it  is  found  by  careful  observation,  that 
within  tolerably  wide  limits,  the  smallest  difference  of  light  which  we 
can  appreciate  by  visual  sensations  is  a  constant  fraction  (about  y^th) 
of  the  total  luminosity  employed.  The  same  law  holds  good  with 
regard  to  the  other  senses  as  well  The  smallest  difference  m  length 
we  can  detect  between  two  hncs,  one  an  inch  long  and  the  other  a 
tittle  less  than  an  inch,  ts  the  same  fraction  of  an  inch,  that  the 
smallest  ditfcrence  in  length  we  can  detect  between  a  line  a  foo!  long 
and  one  a  little  less  than  a  foot,  is  of  a  fooL  Put  in  a  more  general 
form  then,  the  law,  which  is  often  called  Weber's  law,  is  as  follows  : 
When  a  stimulus  is  continually  increased,  the  smallest  increase  of  sensa- 
tion which  we  can  appreciate  remains  the  same  so  long  as  the  propor- 
tion which  the  increase  of  the  stimulus  bears  to  the  whole  stimuius 
remains  the  same  ;  that  is  to  say,  the  one  varvea  ^iiiccvVj  ^s  xId*  ^^^^^rx* 
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Fechfier,  regarding; 
ments  of  sen  nation 


sensation  as  the  stmimition  of  a  aeries  of 


corresponding  to 


rntlluft, 


use  of  the  fact  that  when  the  sdmulti^ 

point  is  readied  At  which  no  scniatioo  "...*.;  w 

Words,  that  ihcicis  a  certain  strength  of  the  st; 

exceeded  before  any  sensntif^n  .ir  nil  can  be  pr;^ 

duclion  of  this  Miminal  of  the  s: 

with  the  help  of  the  mathcT  .  ♦rration  or 

which  is  only  an  expression  of  the  relation  of  in* 

and  sensation,  into  a  fonnula  spwkcn   of    as    F  U 

Fcchncr's  Liw,  which  is  offered  as  a  ttt^asitre  of  tt 

of  the  stimulus  in  the  general  form  that  'the  sc: 

lugariihm  of  the  stimulus".     Independent  however 

fiici  that  WclxTs  law  ceases  to  hold  good  when  the  t 

very  small  or  very  great,  i>,  fails  exactJyatthe  point  ai  v»n,cj| 

makes  use  of  it,  there  arc  serious  objections  to  tne  vaiidity  of 

formula  *. 

Distinction  and  Fusion  of  Sensations.  When 
falls  on  a  large  portion  of  the  retina  the  total  sensation  prod 
is  greater  in  anwunt  than  when  a  small  portion  only  of  the 
is  alTcctcd ;  a  large  piece  of  white  pa[^icr  produces  a  greater  t4 
effect  on  our  consciousness  than  a  small  one,  though,  if 
surfaces  be  uniformly  and  equally  illuminated,  the  inirHiity  di 
ficn^tioD  is  in  each  case  the  same ;  the  small  piece  of  pi 
appears  as  bright  or  as  *  white*  as  the  large  onc^  If  the  imj 
of  two  luminous  objects  fall  on  the  retina  at  sufficient  distal 
apart,  the  consequent  sensations  are  distinct^  and  the  intensit 
each  sensation  will  depend  solely  upon  the  luminosity  of 
corresponding  object.  If  however  the  two  objects  are  madi 
approach  each  other,  a  point  will  be  reached  at  which  the 
sensations  are  fused  into  one.     When  this  occurs  the   intensit 

*  Wcber'i  Uw  may  be  stated  mathrmatically  as  A^  =  K^^  whet«  A^  i 

tttuilleit  Appreciable  tneremeiit  of  sensation  caused  by  A;r»  the 
incrcnient  <>f  the  !i>timuliu  jt,  and  A'  is  a  constant 

If  tlw:  irujn.  jient  tjc  regarded  as  itidefimtcty  small  and  the  eqtniion  i 
integrated  wu  4;ct 

S  -  K\ogx  +  €. 

If  X  l>e  dimtnisbed  there  will  be  a  certain  value  (linjioal  inieiv^ity)  of 
which  all  sensation  ceoaet ;  if  this  be  x^,  then 
^  =  A'  log  jr'  +  ^, 
or  r  =  -  A*  log  *', 

wlience  .S  =  A*  log  .r  -  A'  log  y. 

i=:  AT  log  ^. 

which  \%  Fcchncr's  more  complete  formuhu 

•  CC  Couttfl  Trotter,  J^)HrH.  PhysM,,  i.  (187S)  p.  6a 
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the  total  sensation  produced  will  be  greater  than  that  of  either  of 
the  sensations  caused  by  the  single  objects.  A  number  of 
luminous  points  scattered  over  a  wide  surface  would  appear  each 
to  have  a  certain  brightness ;  each  would  give  rise  to  a  sensation 
of  a  certain  intensity.  If  they  were  all  gathered  into  one  spot, 
that  spot  would  apiwrar  far  brighter  than  any  of  the  previous 
points  ;  the  intensity  of  the  sensation  would  be  greater.  We  may 
therefore  suppose  the  retina  to  be  divided  into  areas  corresponding 
to  sensational  units.  If  the  images  from  two  luminous  objects 
fall  on  separate  visual  areas,  if  we  may  so  call  them,  two  distinct 
sensations  will  be  produced ;  if,  on  the  contrary,  they  both  fall  on 
ihc  same  visual  area,  one  sensation  only  will  be  produced.  Where 
the  sensations  are  separate,  the  intensity  of  the  one  (with  ex- 
ceptions hereafter  to  be  mentioned)  is  not  affected  by  the  presence 
of  the  other;  but  where  they  become  fused  the  intensity  of  the 
united  sensations  is  greater  than  either  of,  though  not  equal  to  the 
sum  of,  the  single  sensations.  The  existence  of  these  sensational 
units  is  the  basis  of  distinct  vision.  When  we  speak  of  the 
smallest  size  visible  or  distinguishable,  we  are  referring  to  the 
diractisions  of  the  retinal  areas  corresponding  to  these  sensationAl 
units.  The  retinal  area  roust  be  carefully  distinguished  from  the 
sensational  unit,  for  the  sensation  is,  as  we  have  seen,  a  process 
whose  arena  stretches  from  the  retina  to  certain  parts  of  the  brain, 
and  tlie  circumscription  of  the  sensational  unit,  though  it  must 
begin  as  a  retinal  area,  must  also  be  continued  as  a  cerebral  area 
in  the  brain,  the  latter  corresponding  to,  and  tjeing  as  it  were  the 
projection  of,  the  former.  With  most  people  two  stars  appear  as 
a  single  star  when  the  distance  between  them  subtends  an  angle 
of  less  than  60  seconds ;  and  Weber  found  that  the  best  eyes 
failed  to  distinguish  two  parallel  white  streaks  when  the  distance 
between  the  two,  measured  from  the  middle  of  each,  subtended 
an  angle  of  less  than  73  seconds.  Hirschmann'  could  distinguish 
objects  50  seconds  distant  from  each  other.  An  angle  of  73 
seconds  in  an  object  corresponds  in  the  diagrammatic  eye  (see 
p.  512)  to  the  length  of  5*36  /i  in  the  retinal  image',  and  one  of 
50  seconds  to  3*65  /i. 

Max  Schulize '  counted  in  the  human  eye  50  cones  along  a  line  of 
200 /i  in  length  drawn  through  the  centre  of  the  yellow  spot  ;  this  would 
give  4^  for  the  distance  between  the  centres  of  two  adjoining  cones  in 
die  yellow  spot,  the  average  diameter  of  a  cone  at  its  widest  part  being 
3^  and  there  being  slight   intervals  between  neighbouring    ron-^e 

*  Quoted  by  Helmholtz.  Phy$,  Ofii*,  p  841. 
"  by  M  is  meant  one -thousandth  of  m  QiiUimetre, 
'  Strieker,  //am^bttcA,  p.  1033. 
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Hence  if  wc  take  the  centre  of  a  cone  as  the  ccotre  of  an 
rcttniil  area,  these  anatomical    areas  correspond   verj  6uriy 
physiological  vIsuaI  arc.is as  determined  above.     That  is  to  say,; 
points  of  the  retinal  image  arc  Icis  than  4^1  apart^  they  nn^ay  I 
within  the  arc.n  of  a  single  cone  ;  .ind  it  is  just  when  ihey  arelc 
about  4^  apart  that  they  cease  to  give  rise  to  two  djstinct 
It  must  be  remembered,  however,  that  the  fu&ion  or 
sensations  i*  ultimately  determined  by  the  brain  an 
Tvro  points  of  the  retinal  ima^e  less  than  4^  ap^irt    rmi 
within  the  area  of  a  sinj^le  cone  ;  but  the  reason   why,' 
circumstances,  they  give  rise  to  one  sensation  only  is  not  I 
cone-fibre  only  13  stimulated.     Two  pomts  of  a  retinal  image  mil 
one  on  the  area  of  one  cone  and  another  on  the  area  of  an. 
cone,  and  still  be  less  than  4  ft  apart  ;  in  such  a   case  two 
would  be  stimulated,  and  yet  only  one  sen^tion  would  be 
So  also  in  the  less  sensitive  peripheral  parts  of  the  retina  two' 
the  retinal  image  niijjht  stimulate  two  cones  a  considerable 
apart,  and  yet  give  rise  to  one  sensation  only. 

In  the  case  where  the  two  points  lie  entirely  within  the  ai 
single  cone,  it  is  exceedingly  probuble  that,  even  if  the  adjacent 
or  cone-fibres   in  the   retina  are  not   at  the   same    time  stltm 
impulses  radiate  from  the  cerebral  ending  of  the  excited 
neighbouring  cerebral  endings  of  the  neighbouring  cones 
words,  the  scnsation-area  in  the  brain  docs  not  exactly 
and  is  not  sharply  defined  like  the  retinal  area,   but  gradt 
away  into  neii^hbouring  scnsation-arcaa.     We  may  im  i 
of  the  retinal  image  so  far  apart  that  even  the  ex 
their  respective  cerebral  sensation  areas  dt»  not  touch 
least  ;  in  such  a  case  there  can  be  no  doubt  about    the  two 
giving  rise  to  two  sensations.     We  might,  however,  iinagine  a 
case  where  two  points  were  just  so  far  apart  that    their  rest 
sensation -areas   should   coalesce  at   their  margins,  and    vet 
passing  from  the  centre  of  one  scnsa'Jon-arca  to  the   centre 
other,  we  should  find  on  examinaiion  a  considerable  fall  of  sci 
at  the  junction  of  the  two  areas ;  .md  in  a  third  ca^e  we  mi^jhi 
the  two  centres  to  be  so  close  to  each  other  that  in  passinj^?r_ 
the  other  no  appreciable  diminution  of  sensation  could  be  df| 
In  the  last  case  there  would  be  but  one  sensation,  in  the   sec 
might  still  be  two  sensations  if  the  marginal  fall  were  gre4\t>_ 
even  though  the  areas  partially  coalesced    Thus,  though  the  mt, 
rods  and  cones  is  the  basis  of  distinct  vision,  the  distinction  or  fu^ 
two  visual  impulses  is  ultimately  determined  by  the  disposition] 
condition  of  the  cerebral  centres/    Hence  the  possibility  of  Lncr< 
by  exercise  the   faculty  of  distinguishing   two  sensations,  sin< 
use  the  cerebral  sen>ation-areas  become  more  and  more  different 
This  however  is  even  more  strikingly  shewn  in  touch  than  in  sigj 

Colour  Sensations. 

Wlien  we  allow  sunlight  reflected  from  a  cloud  or   sh< 
paper  to  fall  into  the  eye  we  have  a  sensation  which  we 
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sensation  of  white  light.  When  we  look  at  the  same  light  through 
a  prism,  and  allow  different  parts  of  the  sptcirum  to  fall  in  sue- 
cession  into  the  eye,  we  have  sensations  which  we  call  respectively 
sensations  of  red,  yellow,  green  and  blue  light.  In  other  words, 
rays  of  light  falling  on  the  retina  give  rise  to  different  sensations, 
according  to  tlie  wave-lengths  of  the  rays.  Though  we  speak  of 
the  spectrum  as  consisting  of  a  few  colours — red,  green,  &c.,  there 
are  an  almost  infinite  number  of  intermediate  tinii  in  the  spectrum 
itself;  and  we  perceive  in  external  nature  a  large  number  of 
colours,  such  as  purple,  brown,  grey,  &c.,  which  do  not  correspond 
lo  any  of  the  colour  sensations  gained  by  regarding  the  successive 
parts  of  the  spectrum.  We  find  however,  on  examination,  that 
many  apparently  distinct  colour  sensations  may  be  obtained  by 
the  fusion  of  two  or  more  other  colour  sensations.  Thus  purple, 
which  is  not  present  in  the  spectrum,  may  be  at  once  produced 
by  fusing  the  sensations  of  blue  and  red  in  proper  proportions ; 
and  the  various  tints  and  shades  of  nature  may  be  imitated  by 
fusing  a  particular  colour  sensation  with  the  sensation  of  white,  or 
by  allowing  a  certain  quantity  of  light  of  a  particular  colour  to 
fall  sparsely  over  the  area  of  the  retina,  which  is  at  the  same  time 
protected  from  the  acceSs  of  any  other  light,  i.e,  as  we  say,  by 
mixing  the  colour  with  black.  Thus  the  browns  of  nature  result 
from  various  admixtures  of  yellow,  red,  white  and  black ;  and  a 
small  quantity  of  white  light,  scattered  over  a  large  area  of  the 
retina,  />.  while  largely  mixed  with  black,  forms  a  grey.  In  fact, 
the  qualities  of  a  colour  depend  (i)  on  the  nature  of  the  prismatic 
colour  or  colours  falling  on  a  given  area  of  the  retina,  i,e,  on  the 
wave-lengths  of  the  constituent  rays;  (a)  on  the  amount  of  this 
coloured  light  which  falls  on  the  area  of  the  retina  in  a  given 
time ;  and  (3)  on  the  amount  of  white  light  falling  on  the  same 
area  at  the  same  time.  When  rays  corresponding  to  a  prismatic 
colour  fall  upon  the  retina  unaccompanied  by  any  white  light,  the 
colour  is  said  to  be  'saturated' ;  and  a  colour  is  spoken  of  as 
more  or  less  saturated  according  as  it  is  mixed  with  less  or  more 
white  light.  We  are  guided  by  the  first  of  the  above  conditions 
when  we  describe  a  colour  as  tHrlng  of  such  a  tint  or  hue.  But 
we  have  no  common  phrases  by  which  we  distinguish  the  second 
of  the  above  conditions  from  the  third.  The  word  *pale/  it  is 
true,  is  most  frequently  used  lo  ex|)rcss  a  colour  very  &li^tly 
saturated  ;  but  the  words  *  rich  '  or  *  deep  *  are  used  sometimes  as 
meaning  highly  saturated,  sometimes  as  meaning  simply  that  a 
large  quantity  of  light  of  the  particular  hue  is  passmg  into  the 
eye.  So  also  with  the  phrase  *  bright ' ;  this  we  often  use  when  a 
targe  amount  of  coloured  and  white  light  fall  at  the  same  time:  cit^ 
F.  P.  ^^ 
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the  same  retinal  area,  but  we  sometimes  also  use  it  to  expre* 
mere  intensity  of  the  sensation. 

The  best  method  of  fusing  colour  sensntiuns  is  that  ad 
Maxwell,  of  ^lUowing  two  diucrent  parts  of  the  spectrum  to 
same  part  of  the  retina  at  the  same  time.  The  use  of 
prismatic  colours  eUmin::tes  errors  which  arise  when  pigments, 
colours  of  which  are  not  pure,  but  mixed,  are  employed.  And 
pigments  are  used,  it  isthe  sensations  which  muit  be  mixed  and  nol 
pigments  thcm^^elves.  Thus  while  the  sensations  of  yellow  and 
when  fused  give  rise  to  a  sensation  of  white,  yellow  and 
pigments  when  mixed  appear  green  on  account  of  their  rccipro< 
absorbing  part  of  each  otlier^s  colour  ;  the  inJigo  particles  absorb 
red  of  the  yellow,  and  the  yellow  particles  absorb  the  blue  ot 
indigo,  so  that  only  green  is  left  for  both  to  rcH  ct.  When 
pigments  '>■  pigments  corresponding  as  closely  as  possible  tor*^ 
prismatic  colours,  are  used,  satisfactory  results  may  t)c  gainei,  ei 
by  using  the  rcfle:tion  of  the  image  of  one  pigment  so  that  it  fall 
the  retina  at  the  same  spot  as  the  direct  image  of  the  other,  c 
allowing  the  image  of  one  pigment  to  fall  on  the  retina  bcfor 
sensation  produced  by  the  other  has  passed  away.  The  first  re&u 
easily  reached  by  Helmhohz's  simple  method  of  placing  two  picct 
coloured  paper  a  little  distance  apart  on  a  table,  one  on  each  side 
glass  plate  inclined  at  an  angle.  By  looking  dosrn  with  one  eyi 
the  glass  plate  the  reflected  image  of  the  one  paper  may  be  tna 
coincide  with  the  direct  ima'^e  of  the  other,  the  angle  whi  .*h  the 
plate  makes  with  the  table  being  adjuste^i  to  the  distance  between 
pieces  of  paper.  In  the  second  method,  the  *  colour  lop'  is  u 
sectors  of  the  colours  to  be  investigated  are  placed  on  a  disc  motcl 
rotate  very  rapidly,  and  the  image  of  one  colour  is  thus  brotigh 
bear  on  the  retina  so  soon  after  the  image  of  another,  that  the 
sensations  are  fused  into  one. 

When  the  sensations  corresponding  to  the  several  prisn 
colours  are  fused  together  in  various  combinations,  the  foLlon 
remarkable  results  are  brought  about. 

I.  When  red  and  yellow  in  certain  proportions  are  mi 
together  the  result  is  a  sensation  of  orange^  quite  indistinguisb 
from  the  orange  of  the  spectrum  itself.  Now  the  latter  is  prodi 
by  rays  of  certain  wave-length,  whereas  the  rays  of  red  anc 
yellow  are  respectively  of  quite  a  different  wave-length.  ' 
orange  of  tJu  spntrttm  cannot  be  made  up  by  any  mixture  of 
red  and  the  yellow  of  the  spectrum  in  the  sense  that  the  red 
yellow  rays  can  unite  together  to  form  rays  of  the  same  w 
length  as  the  orange  rays  ;  liie  three  things  are  absolutely  diffei 
It  is  simply  the  mixed  sensation  of  the  red  and  yellow  which  is 
like  the  sensation  of  orange  ;  the  mixture  is  entirely  and  absolul 
a  physiological  one.     And  since  we  must  suppose  that  ray^ 
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different  wave-length  give  rise  to  diflferent  sensory  impulses,  and 
that  the  sensory  impulses  generated  by  orange  rays  are  diflferent 
from  those  generated  by  red  and  by  yellow  rays,  we  are  led  to 
infer  either  thai  the  sensory  impulses  which  rays  of  a  given  wave- 
length originate  are  themselves  of  a  mixed  character,  or  that  the 
mixture  takes  place  at  the  time  when  the  sensory  impulses  are 
becoming  converted  into  sensations.  The  first  of  these  views  is 
the  one  generally  adopted 

2.  When  certain  colours  are  mixed  together  in  pairs  in  certain 
definite  proportions,  the  result  is  white.     These  colours  are 

Red  (near  a)',  and  Blue-Green  (near  F), 

Orange  (near  C),  and  Blue  (between  F  and  GX 

Yellow  (near  D),  and  Indigo-Blue  (near  G), 

Green- Yellow  (near  E),  and  Violet  (between  G  and  H), 

and  are  said  to  be  '  complementary '  to  each  other.  To  these 
might  be  added  the  peculiar  non-prismatic  colour  purple,  which 
with  green  also  gives  white. 

3.  If  we  select  arbitrarily  any  three  distinct  colours,  i.e.  any 
three  parts  of  the  spectrum  sufficiently  far  apart,  say  red,  green, 
and  blue,  we  can,  by  a  proper  adjustment  of  the  proportions  of 
each,  produce  white.-  Further,  by  a  proper  addition  of  white, 
these  three  colours  can  be  taken  in  such  proportions  as  to  produce 
the  sensations  of  all  other  colours.  That  is  to  fay,  given  three 
standard  sensations,  all  the  other  sensations  may  be  gained  by  the 
proper  mixture  of  these. 

If  we  suppose  that  the  visual  apparatus  is  so  constructed  that 
we  possess  three  standard  sensations,  and  that  rays  of  different 
wave-length  produce  all  three  of  these  sensations  to  a  different 
extent  according  to  their  wave-length,  we  can  easily  regard  the 
whole  of  our  sensations  of  colour  as  compounds  of  three  *  primary 
colour  sensations.'  We  might  thus  represent  our  colour  sensations 
by  such  a  diagram  as  that  given  in  Fig.  56,  where  one  primary  sensa- 
tion is  seen  to  be  produced  in  greatest  intensity  by  the  rays  at  the 
red  end  of  the  spectrum,  the  second  by  those  nearlhe  middle,  and 
the  third  by  those  at  the  violet  end  of  the  spectrum.  Under  this 
view  orange  rays  are  those  which  produce  much  of  the  first  sensa- 
tion, less  of  the  second,  and  hardly  any  of  the  third  ;  whereas  blue 
ray»  produce  much  of  the  third,  Ic&s  of  the  second,  and  hardly 
any  of  the  first ;  and  so  on. 


•  Tkese  l«lter»  refer  to  Fr^uenhofer's  Une», 
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This  theory  of  three  primary  caloor  scnsatintift  we  owe  tP 

\nn  *inrc  Its  -—  r-  '  -   -........^-  i.   .  ^ — .  t 1     j^j^  j^^  tbc  lal 

HclmhoUn,  V.  -Heimhote 

Youtij^*!*  ^•<'  ,.:....,        .....,, .....„,     '    ..'- 

in  ihe  t<  sets  of  tibrest  c^ch  set  corresp 

colours-  ind  being  sensitive  in  a  different  tif  ^ 

rays  of  liRht.     in  the  retina  itself  no  such  on  of 

found.     \Ve  arc  entirely  in  the  dark  cone .  ^  3iQMi 

not  Only  of  colour  sensations  but  also  of  visi'^n  as  a  vrhole. 
reanon  to  think,  as  we  have  seen  (p,  529)  that  visual 
stJU'ted  in  that  pan  of  the  retina  which  lies  beyond  the  rel 
iresAcls;  but  in  the  generatioa  of  those  impi^ses  we  can 
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Fto.  fSt    Dtaqrah  or  Thrkb  Pkimarv  0>u»trB  SKMSATftojcK. 
I  Uth*  Mxalled  *r*d.*  a  •ffreen/  und  3  *  videt  'nrimary  colour seliqubon    JfttO^l^i 
die  Rtl,  oninKV,  yellow.  &c„  colour  of  ilic  spcctnim^  and  tbe  <iiji^r«iii  4 
height  or  the  rtirve  in  ear^h  caJie,  tn  whAt  extent  the«evend  jMJfBary  oolo 
rEifccttVftly  e»<lie<l  by  vibr«tions  of  diflercni  %ave4e](gtlu. 

exact  functions  to  rods  or  cones,  to  rod  fibres  or  cone  fibres,  or 
various  bodies  constituting  the  external  nuclear  layer.  Tlic  vie 
the  cones  rnthcT  than  the  rods  of  the  retina  are  concemcil  in 
vision  cannot  be  regarded  as  established.  The  argument  that 
are  absent  from  the  retinas  of  nocturnal  animals,  remains  ii 
until  it  has  been  proved  that  these  animals  aie  colour-blind  ; 
ar^^ument  that  in  the  fovea  centralis  cones  only  cxist^  may 
cijUiilly  well  to  prove  that  the  rods  are  of  no  useat  all  in  distinct 
In  the  eyes  of  Ilirds»  Reptiles  and  Amphibia,  coloured  globul 
found  in  the  cotlbs  at  the  junction  of  the  inner  and  outer  Jinil 
the  fowl  thc^e  globules  occur  in  three  colours,  ruby-red,  orange 
and  green  ishycllow,  and  Kuhne'  has  extracted  three  distinct  pig 
(rhodophanc,  xanthophanc  and  chlomphnne)  which  however  a 
very  feebly  sensitive  to  light.  It  has  been  suggested  that 
coloured  globules  are  connected  with  colour  vision,  the  conr 
red  globules,  for  instance,  allowing  red  light  only  to  pass  ii 

•  ffmrnal  of  Physid(*gy^  i,  (1878)  pp.  109—189, 
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the   inner   Umb  and   iroptnge   an  the   outer   limb,  so    th.Tt    tbcse 
cones   would    serve  as  orgnns  for    seeing  red.      But    this    is   very 

doubiful. 

The  Young- Helmholti  theory  h.ns  not  been  accepted  by  all  in- 
qairers  Its  most  serious  opponent  at  the  present  time  is  Hcring*, 
who,  following  Aul>ert%  and  indeed  Leonardo  da  Vinci,  maintains 
that  the  primary  visuil  scns«ilions  are  while,  black,  red,  ydiow,  green, 
and  blue.  He  considers  that  these  several  sensations  arise  as  the 
results  of  changes  in  what  may  be  called  the  visual  substance  of  the 
visual  nervous  apparatus  (sec  p.  535),  those  changes  which  give  rise  \o 
black,  green,  and  blue  being  esseniially  processes  of  assimilation  or 
construction  of  the  visual  substance,  while  those  which  give  rise  to 
white,  red,  and  yellow  are  processes  of  dissimilation,  or  destruction  of 
the  visual  substance.  Black  and  white,  green  and  red,  blue  and  yellow, 
fonn  accordingly  antagonistic  rather  than  complementar\*  pairs,  and 
the  visual  organ  is  conceived  of  as  never  existing  during  life  in  a  state 
of  complete  rest.  A  satisfactory  discussion  of  the  relative  merits  of 
this  and  of  the  generally  accepted  view,  would  lead  us  beyond  the 
proper  hmits  of  this  work,  but  Hering  uses  his  view  with  great  ability 
to  explain  the  obscure  phenomena  of  *  contrasts'  (see  p.  555)  and 
*  negative  images'  (p.  551). 

Admitting,  however,  that  the  hypothesis  of  three  primaiy  colour 
sensations  explains  many  of  the  phenomena  of  colour  vision,  there 
still  remains  the  question,  *  What  are  the  three  primary  colour  sen- 
sations ? '  We  have  spoken  of  any  three  arbitrarily  selected  colour 
sensations  producing  by  manipulation  all  the  other  colour  sensa- 
tions ;  but,  of  what  kind  are  the  three  sensations  which  may  be 
considered  as  the  actual  primary  sensations  ?  We  cannot  enter 
here  into  the  discussion  of  this  question  ;  and  may  simply  state 
that  the  most  generally  accepted  view  is,  that  the  three  primary 
sensations  correspond  to  what  we  call  red,  green,  and  violet ;  and 
in  the  diagram,  Fig.  56,  the  upper  figure  represents  this  primary 
red  sensation,  the  middle  figure  green,  and  the  lower  violet. 

Colour  Blindness.  All  persons  vary  much  in  their  power 
of  discriminating  and  appreciating  colour,  i>,  in  the  intensity  and 
accuracy  of  their  colour  sensations  ;  but  some  people  regard  as 
similar,  colours  which  to  most  people  are  glaringly  distinct,  and 
these  f>ersons  are  said  to  be  *  colour  blind-*  The  most  common 
form  of  colour  blindness  is  that  of  persons. unable  to  distinguish 
green  and  red  from  each  other.  As  in  the  case  of  Dal  ton,  they 
tell  a  red  gown  lying  on  a  green  grass  plot,  or  a  red  cherry  among 
the   green  leaves,    by  its  form,  and    not    by  its    colour.     They 

•  Zur  IMrevcm  Uehtsimnt,     Wim,  SHam^sSmfAf,  txvu  (1872)  Lxvtii. 
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confou'-i'  Aot  only  red,  brown,  and  green,  but  also  rose,  purple,  and 
blue  They  cannot  see  the  red  end  of  the  spectnirn,  all  this  part 
©*jr)p^ing  to  them  dark.  Their  vision  is  best  explained  bf 
•apposing  that  they  lack  altogether  the  prunary  sensatioo  of  red] 

Hence  they  probably  see  In  the  spectrum  only  two  colours,  blue 
^nd  green,  with  various  tints ;  our  red,  orange,  yellow  and 
ippcaring  green,  and  all  the  resi  blue,  green-blue  being  to  them 
of  grey.  Since  the  sensation  of  green  seems  to  be  absoiuUl^ 
intense  in  that  part  of  the  s|^ectrum  which  we  caJl  yellow,  thot 
course  rchtively  to  the  other  two  primary  sensations  most  intense 
ihe  green,  our  yellow  probably  corresponds  in  them  to  the  sensation 
I  bnjjht  deep  green.  All  the  colours  they  sec  can,  in  fact,  be  produced 
by  mixtures  of  yellow  and  blue. 

Cases  in  which  the  other  primary  sensations    may  be    supposed 
lo  be  absent,  i.e.  green   blindness  and  violet   blindness    arc   mi 
more   rare,  and    have   not  as   yet  been    examined    with    sufl5< 
tompleteness. 

Inftuince  of  the  pigment  of  the  yellmv  spot.  In  the  macula  Iut< 
which  part  of  the  retina  we  use  chiefly  for  vision,  images  falling 
other  parts  of  the  retina  being  said  to  give  rise  to  *  indirect  vtsioi 
the  yellow  pigment  absorbs  some  of  the  greenish-bUic  ruys.  Hci 
all  tiiat  which  we  are  in  the  habit  of  calling  white  Is  in  reality  m< 
or  less  yellow.  We  may  use  this  feature  of  the  yellow  spot  for 
purpose  of  making  the  spot,  so  to  speak,  visible  to  our^^elvc*,  by 
experiment  suggested  by  MaxwelL  A  solution  of  chrome  ah 
which  only  tmnsmit^  red  and  greenish-blue  rays,  is  held  up  betw< 
the  eye  and  a  white  cloud.  The  greenish-blue  rays  arc  absorl 
by  the  yellow  spot,  and  here  the  light  gives  rise  to  a  sensation  of 
red  ;  whereas  in  the  rest  of  the  field  of  vision,  the  sensation  is  that 
ordinarily  produced  by  the  purplish  solution  The  yellow  spot  is 
consequently  marked  out  as  a  rosy  patch.  This  very  soon  however 
dies  away. 

In  speaking  of  sensation  as  a  function  of  the  stimulus  p    539, 
refrrred  to  white  light  only  ;  but  the  different  colours  arc  une<|ual 
the  relations  borne  by  the  intensity  of  the  stimulus  to  the  aruount 
sensation  produced.     Thus  the  more  refrangible  blue  rays  produce 
sensation  more  readily  than   the  yellow  or  red  rays.     Hence   in  dii 
lights,  as  those  of  evening  and  moonlight,  the  blues  preponderate,  a) 
the  reds  and  yellows  are  less  obvious.     So  also  when  a  landscape 
viewed  through  a  yellow  glass,  the  yellow  hue  suggests  10  the  mil 
bright  sunlight  and  summer  weather,  although  the  actual  iruminatt4 
which  reaches  the  eye  is  diminished  by  the  glass.     Conversely  wh« 
the    snme  landscape   is   viewed  through    a  blue  glass  the    idea 
moonlight  or  winter  is  suggested. 

The  theory  of  primary  colour  sensations  may  be  used  to  explai 
why  any  coloured  light,  if  made  sufficiently  intense,  appears   whii 
^Thus   a  violet  light  of  moderate  intensity  appears  vk)let  because 
Ecitcs  the  primary  sensation  of  violet  much  more  than  those  of  gr««i 
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and  red.  If  the  stimulus  be  increased  the  ma\imum  of  violet 
stimubiion  will  be  reached^  while  the  stimulition  of  green  will  con- 
tinue to  be  increased  and  even  that  of  red  to  a  slight  deg^ree.  The 
result  will  be  that  the  light  appears  violet  mixed  with  g^recn,  that 
is  blue.  If  the  stimulus  be  still  further  Increased  while  the  green 
and  violet  are  both  excited  to  the  m;iximum,  the  red  stimulation 
pmy  be  increased  until  the  result  is  violet,  green  and  red  in  the 
proportions  which  make  white  light.  /Vnd  so  with  light  of  other 
c*loors. 


After- Images  We  have  already  seen  that  in  vision  the 
sensation  lasts  much  longer  than  the  stimulus.  Under  ccrtam 
tircumstanccs,  such  as  condition  of  the  eye,  intensity  of  the  stimu- 
lus, SfCj  the  sensation  is  so  prolonged,  that  it  is  spoken  of  as  an 
after-image.  Thus,  if  the  eye  be  directed  to  the  sun,  the  image 
of  that  body  is  present  for  a  long  while  after;  and  if,  on  early 
waking,  the  eye  be  directed  to  the  window  for  an  instant  and  then 
closed,  an  image  of  the  window  with  its  bright  panes  and  darker 
sashes,  the  various  parts  being  of  the  same  colour  as  the  object, 
will  remain  for  an  appreciable  time.  These  images,  which  arc 
simply  continuations  of  the  sensation,  are  spoken  of  as  posiih^ 
after  images.  They  are  best  seen  after  a  momentary  exposure  o( 
the  eye  to  the  stimulus. 

When,  however,  the  eye  has  been  for  some  time  subject  to  a 
stimulus,  the  sensation  which  fullows  the  withdrawal  of  the  stimu- 
lus is  of  a  different  kind  ;  what  is  called  a  n^^aih^  afur-image^  or 
ftegative  image,  is  produced.  If,  after  looking  steadfastly  at  a  white 
patch  on  a  black  ground,  the  eye  be  turned  to  a  white  ground,  a 
grey  patch  is  seen  for  some  little  time.  A  black  patch  on  a  white 
ground  similarly  gives  rise  on  a  grey  ground  to  a  negative  image 
of  a  while  patch.  This  may  be  explained  as  the  result  of  exhaus- 
tion. When  the  whke  patch  has  been  looked  at  steadily  for  some 
time,  that  part  of  the  retina  on  which  the  image  of  the  patch  fell 
t>ccomcs  tired ;  hence  the  white  light  coming  from  the  while 
ground  sul)Scqucntly  looked  at,  which  falls  on  this  part  of  the 
retina,  docs  not  produce  so  much  sensation  as  in  other  parts  oi 
the  retina  ;  and  the  image,  consequently,  appears  grey.  And  so 
in  the  other  instance,  the  whole  of  the  retina  ts  tired,  except  at  the 
■patch  ;  here  the  retina  is  for  a  while  most  sensitive,  and  hence  the 
white  negative  image. 

When  a  red  patch  is  looked  at,  the  negative  image  is  a  green 
blue,  that  is,  the  colour  o(  the  negative  image  is  complementary 
to  that  of  the  object.  Thus  also  orange  produces  a  blue,  grcm  a 
pmk,  yellow  an  indigo-blue,  negative  image;  and  so  on.  This 
too  can  be  explained  as  a  result  of  cxliaustion.  When  the  ci>loutcd 
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patch  is  looked  at,  one  of  the  primary  colour  sensations  is  oii 
exhausted,  and  tlie  other  two  less  so,  in  varying  proportions^ 
cording  to  the  exact  nature  of  the  colour  of  the  patch  ;  and  i 
less  exhausted  sensations  become  prominent  in  the  after-im^ 
Thus,  the  red  patch  exhausts  the  red  sensation,  and  the  negaii 
image  is  made  up  chiefly  of  green  and  blue  sensations,  that 
appears  to  be  greenish  blue,  or  bluish  green,  according  to  the  t 
of  the  red.  Siiivilarly,  when  the  eye,  after  looking  at  a  coloui 
patch,  is  turned  to  a  coloured  ground,  the  effects  may  e<a$ijy 
explained  by  reference  to  the  comparative  exhaustion  of  thecok 
sensations  excited  by  the  |3alch  and  the  ground  respectively ;  if 
yellow  (/.£?.  a  green  and  red)  ground  be  chosen  alter  looking  at 
green  object,  the  negative  image  will  appear  of  a  reddish  ycU 
and  so  on. 

What  is  not  so  clear  is  why  negative  images  should  make  th^ 
appearance  without  any  subsequent  stimulation  of  the  retina,  \Vh 
the  eyes  are  shut  and  all  excess  of  light,  even  through  the  eyehd 
carchilly  avoided,  the  field  of  vision  is  not  absolutely  dark ;  Lher«  is  st 
a  sensation  of  light,  the  so-called  *  proper  light'  of  the  retina.  If 
white  patch  on  a  black  ground  be  looked  at  for  some  time,  and  d 
eyes  then  shut,  a  negative  (black)  image  of  the  spot  will  be  seen  c 
the  ground  of  the  'proper  light*  of  the  retina,  having  in  its  immedia 
neighbourhood  a  specially  bright  corona-  So  also,  if  a  window  \ 
looked  at  and  the  eyes  then  closed,  the  positive  after-image  wii 
bright  panes  and  dark  sashes  gives  rise  to  a  negative  atier-imaj 
with  bright  sashes  and  dark  panes;  and  similar  etfccts  appear  wii 
colours.  Plateau*  has  attempted  to  explain  the  v;irious  phciK 
mcna  of  after-images  by  supposing  oscillations  to  take  place  in  son 
part  of  the  visual  apparatus ;  but  the  matter  is  surrounded  wi 
difficulties'* 


Sec. 


Visual  Perceptions* 


Hitherto  we  have  studied  sensations  only,  and  have  considere 
an  external  object,  inch  as  a  tree,  as  simply  a  source  of  so  man 
distinct  sensations,  differing  from  each  other  in  intensity  and  ki 
(colour).  In  the  mint!  these  sensations  are  coordinated  into  a  pej 
ception.  We  are  not  only  conscious  of  a  number  of  sensations 
bright  and  dim  lights,  of  green,  brown,  black,  &c,,  bnt  th 
sensations  are  so  related  to  each  other  and  by  virtue  of  cerebri 
processes  so  fashioned  into  a  whole,  that  we  *  see  a  tree/  W{ 
sometimes,  in  illustrarion  of  such  an  eft'ect  speak  of  an  image  a 
picture  in  the  mind  corresponding  to  the  physical  image  on  ih( 
retina, 

*  TfUorii  z^.  da  Ap/xtrtmes  visHillis.     Bruxelles,  1 834* 

•  Cf*  Henng»  oft,  cU. 


CHAr,   II.] 


SIGHT. 


553 


When  we  look  upon  the  external  world,  a  variety  of  images  are 
fonncti  at  the  same  time  on  the  retina,  and  give  rise  to  a  number 
of  contemporaneous  visual  sensations.  The  sum  of  these  sensa- 
tions constitutes  '  the  field  of  vision,'  which  varies  of  course  with 
every  movement  of  the  eye.  This  field  of  vision,  being  in  reality 
an  aggregate  of  sensations,  is  of  course  a  subjective  matter ;  but  we 
are  in  the  habit  of  using  the  same  phrase  to  denote  the  sum  of 
external  objects  which  give  rise  to  the  aggregate  of  visual  sensa- 
tions ;  in  common  language  the  field  of  vision  is  *  all  tliat  we  can 
see  *  m  any  position  of  the  eye,  and  we  have  a  field  of  vision 
for  each  eye  separately  and  for  the  two  eyes  combined. 

Using  for  the  pfL^sent  the  words  in  their  subjective  sensc^  we 
may  remark,  that  we  are  able  to  assign  to  each  constituent  sensa- 
tion us  place  among  the  aggregate  of  sensations  constituting  the 
field  of  vision  ;  we  can»  as  we  say,  localise  the  sensation.  We  can 
say  whether  it  belongs  to  (what  wc  regard  as)  the  right-hand  or 
left-handi  the  upper  or  the  lower  part,  of  the  field  of  vision.  We 
arc  able  to  distinguish  the  relative  positions  of  any  two  distinct 
sensations  ;  and  the  relative  positions,  together  with  the  relative 
intensities  and  qualities  (colour)  of  the  sensations  arising  from 
any  object  determine  our  perception  of  the  object.  It  need  hardly 
be  remarked  that  this  locahsaiion  is  purely  subjective.  We  simply 
determine  the  position  of  the  sensation  in  the  field  of  vision 
(which  is  itself  a  wholly  subjective  matter)  j  we  do  not  determine 
the  position  of  the  object.  The  connection  between  the  position 
of  the  object  in  the  external  world  and  the  position  of  the  sensa- 
tion in  the  field  of  vision,  cannot  be  determined  by  visual  observa- 
tion alone.  All  the  informalion  which  can  be  gained  by  the  eye 
is  limited  to  the  field  of  visiun,  and  provided  that  the  relative 
position  of  the  sensations  in  the  field  of  vision  remained  the  same, 
the  actual  position  of  external  objects  mighty  as  far  as  vision  is 
concerned,  be  changed  without  our  being  aware  of  it. 

As  a  matter  of  fact  the  field  of  vision  in  one  important  particular 
doeft  not  coiTCspond  to  the  field  of  external  objects.  The  image  on 
the  retina  is  inverted  ;  the  rays  of  iight  proceeding  from  an  object 
which  by  touch  uc  know  to  be  on  what  we  call  our  right  hand,  fail  on 
rhr  n-hand  side  of  the  retina.  If  therefore  the  field  of  vision  cr-rr'-- 
,cd  to  the  retinal  image,  the  object  would  be  seen  on  tin 

L     Wc  however  sec  it  on  the  right  hand,  Ijcca use  wc  invar 

associate  right  hand  tactile  localisaii(»n  wnh  left-h;ind  visual  lot:. 
tion;  that  is  to  say,  our  field  of  vision,  when  interpreted  by  ton  i  . 
B  re-inversion  of  the  retinal  image. 

The  dimensions  of  the  field  of  vision  of  a  single  eye  are  about 
145®  for  the  horizontal  and   loo^  from  the  vertical  u\w\v,VvaL\w»'^iEvfe 
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former  being  distinctly  greater  than  the  latter.  The  h 
dimension  of  the  field  of  vision  for  the  two  eyes  is  aboil 
By  movements  of  the  eyes,  however,  apart  from  those  of  t\ 
the  extent  may  be  increased  to  260°  in  the  horizontal  and 
the  vertical  direction. 

The  satisfactory  perception  of  external  objects  requires 
vision  ;  and  of  this,  as  we  have  already  said^  the  formati 
distinct  image  on  the  retina  is  an  essential  condition. 
receive  visual  sensations  of  all  kinds  with  the  most  if 
dioptric  apparatus,  but  our  perception  of  an  object  is  pr 
proportion  to  the  clearness  of  the  image  on  the  retina- 
Region  of  Distinct  Vision.  If  we  take  two  poini 
as  two  black  dots,  only  just  so  far  apart  that  they  can  be 
tinctly  as  two  when  placed  near  the  axis  of  vision,  nn^ 
keeping  the  axis  fixed,  move  the  two  points  out  into  the 
ferential  parts  of  the  field  of  vision,  it  will  be  found  that  I 
soon  appear  as  one.  The  two  sensations  become  fiised, 
would  do  if  brought  nearer  to  each  other  in  the  centre  of  tfc 
l^he  farther  away  from  the  centre  of  the  field,  the  farth 
must  two  points  be  in  order  that  they  may  be  seen  as  t 
other  words,  vision  is  much  more  distinct  in  the  centre  of  ti 
than  towards  the  circumfetence.  Practically  the  region  of 
vision  may  be  said  to  be  limited  to  the  macula  lutca.  or 
the  fovea  centralis ;  by  continual  movements  of  the  eye 
constantly  bringing  any  object  which  we  wish  to  see  in 
position  that  its  image  falls  on  this  region  of  the  retina. 

The  diminution  of  distinctness  docs  not  take  place  equal 
the  centre  to  the  circumference  along  all  meridians.  The 
described  by  a  line  uniting  the  points  where  two  spots  cease  to 
as  two  when  moved  along  dififerent  radii  from  the  centre,  is 
irregular  figure. 

The  sensations  of  colour  are  much  more  distinct  in  the 
the  retma,  than  towards  the  circumference.  If  the  visual 
fixed  and  a  piece  of  coloured  paper  be  moved  towards  the  out 
the  field  of  vision,  the  colour  undergoes  changes  and  is  evi 
lost,  red  disappearing  first,  then  green,  and  blue  last.  A  purple 
becomes  blue,  and  a  rose  colour  a  bluish  white.  In  fact,  there 
to  be  a  certain  amount  of  red-blindness  in  the  peripheral  part; 
retinas. 

Modified  Peruptions, 

Since  our  perception  of  external  objects  is  based  on  the  di 
tiess  of  the  sensations  which  go  to  form  the  perception,  it 
be  expected  that  ¥r  .en  "ui  uua^e  of  an  object  is  fomjc^ 
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reima  the  sensory  impulses  will  correspond  to  the  retinal  image, 
the  sensations  corrcspjond  to  the  sensory  impulses  and  the  percep- 
tion corresponding  to  the  sensations,  and  that  therefore  the  mental 
condition  resulting  from  our  looking  at  any  object  or  view  would 
correspond  exactly  to  the  retinal  image.  We  find,  however,  that 
this  is  not  the  case.  The  sensations  and  probably  evtn  the  simple 
aensory  impulses  produced  by  an  image  react  upon  each  other, 
Hnd  these  reactions  modify  our  perceptions,  independently  of  the 
physical  conditions  of  the  retina!  image.  There  arise  certain  dis- 
crepancies between  the  retinal  image  and  the  perception,  some 
havmg  their  source  in  the  retina,  some  in  the  brain,  and  others 
being  of  such  a  nature,  that  it  is  difficult  to  say  where  the 
irrelevancy  is  introduced. 

Irradiation.  A  white  patch  on  a  dark  ground  appears  larger, 
and  a  dark  patch  on  a  white  ground  smaller,  than  it  really  is.  This 
is  especially  so  when  the  object  is  somewhat  out  of  focus,  and 
may,  in  this  case,  be  partly  explained  by  the  diffusion  circles 
which,  in  each  case,  encroach  from  the  white  upon  the  dark. 
But  over  and  beyond  this,  any  sensation,  coming  from  a  given 
retinal  area,  occupies  a  larger  share  of  the  field  of  vision,  when 
the  rest  of  the  retina  and  central  visual  apparatus  are  at  rest,  than 
when  they  are  simultaneously  excited.  It  is  as  if  the  neighbounng, 
either  retinal  or  cerebral,  structures  were  sympathetically  thrown 
into  action  at  the  same  time. 


P  Contrast.  If  a  white  strip  be  placed  between  the  two  black 
strips,  the  ed^es  of  the  white  strip,  near  to  the  black,  will  appear 
whiter  than  its  median  portion  ;  and  if  a  white  cross  be  placed  on 
a  black  background,  the  centre  of  the  cross  will  appear  sometimes 
so  dim,  compared  with  the  parts  close  to  the  black,  as  to  seem 
sbaded«  This  occurs  even  when  the  object  is  well  in  focus  ;  the 
increased  sensation  of  light  which  causes  the  apparent  greater 
whiteness  of  the  borders  of  the  cross  is  the  result  of  the  '  contrast ' 
with  the  black  placed  immediately  close  to  it.  Still  more  curious 
results  are  seen  with  coloured  objects.  If  a  small  piece  of  grey 
paper  be  placed  on  a  sheet  of  green  paper,  and  both  covered  with 
a  sheet  of  thin  tissue  paper,  the  grey  paper  will  appear  of  a  pink 
colour,  the  complementary  of  the  green.  This  effect  of  contrast 
is  far  less  striking,  or  even  wholly  absent,  when  the  small  piece  of 
paper  is  white  linstcad  of  grey,  and  generally  disappears  when  the 
thin  covering  of  tissue  paper  is  removed.  It  also  vanishes  if  a  bold 
broud  black  line  be  drawn  round  the  small  piece  of  pajjer,  so  sm 
to  isolate  it  from  the  ground  colour.     If  a  book^  ox  ^<::ti(62^\^ 
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placed  vertically  on  a  sheet  of  white  paper,  ami  illuniinaitxl 
one  side  by  the  sun,  and  on  the  other  by  a  canrlle,  two  sh,> 
will  be  produced,  one  from  the  sun  which  will  be  illumi 
the  yellowish  light  of  the  candle,  and  the  other  from  th 
which  will  in  turn  be  illummated  by  the  white  light  of  t 
Ihe  former  naturally  appears  yellow;  the  latter,  however,  app4 
not  white  but  blue ;  it  assumes,  by  contrast,  a  colour  compl 
tary  to  that  of  the  candle-light  which  surrounds  iL  If  the  cai 
be  removed,  or  its  light  shut  off  by  a  screen,  the  blue  tint  di 
pears,  but  returns  when  the  candle  is  again  allowed  to  prod 
its  shadow.  If,  before  the  candle  is  brought  back,  vision 
directed  through  a  narrow  blackened  tube  at  some  part  fal 
entirely  within  the  area  of  what  will  be  the  candle's  shadow, 
area,  which  in  the  absence  of  the  candle  appears  white,  will  < 
tinue  to  appear  white  when  the  candle  is  made  to  cast  its  shad 
and  it  is  not  until  the  direction  of  the  tube  is  changed  so 
cover  part  of  the  ^ound  outside  the  shadow,  as  well  as  pari 
the  shadow,  that  the  latter  assumes  its  blue  tint*. 

Filling  up  the  Blind  Spot.     Though,  as  we  have  s 
that  part  of  the  retina  which  corresponds  to  the  entrance  of 
optic  nerve  is  quite  insensible  to  light,  we  are  conscious  of 
blank  in  the  field  of  vision.     When  in  looking  at  a  page  of  p| 
we  fix  the  visual  axis  so  that  some  of  the  print  must  fall  on 
blind  spot,  no  gap  is  perceived.     We  could  not  expect   to  si 
black  |>atch,  because  what  we  call  black  is  the   absence   of 
sensation  of  light  from  structures  which  are  sensitive  to  light ; 
must  have  visual  organs  to  see  black.     But  there  are   no  vii 
organs  in  the  blind  s])otj  and  consequently  we  are  i«  ho  itfay  ai 
affected  by  the  rays  of  light  which  fall  on   it.     There  is  in 
subjective  field  of  vision  no  gap  corresponding  to  the  gap  in 
retinal  image,     W^e  refer  the  sensations  coming  from  two   po; 
of  the  retina  lying  on  opposite  margins  of  the  blind  spot  to  i 
points  lying  close  together,  since  we  have  no  indication   of 
space  which  separates  them.     Concerning  the  effects   which 
I>roduced  when  an   object  in  the  field  of  view  passes  into 
region  of  the  blind  spot  there  has  been  much  discussion, 
ordinary  vision,  of  course,  the  existence  of  the  bh'nd  spot  is  of  lii 
moment  since  it  is  outside  the  region  used  for  distinct  vision,  4 
besides  the  image  of  an  object  does  not  fall  on  the  blind  spotj 
both  eyes  at  the  same  time. 

Ocular  Spectra.     So  far  from  our  perceptions  exactly  c 
responding  to  the  arrangements  of  the  luminous  rays  which  fall 

«  Cf.  Hcringj  loc.  cH, 
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ihc  retina^  we  may  have  visual  sensations  and  perceptions  in  the 
entire  absence  of  light.  Any  stimulation  of  the  retina  or  of  the 
optic  nerve  sufficiently  intense  will  give  rise  to  a  visual  sensation. 
Gradual  pressure  on  the  ej^eball  causes  a  sensation  of  rings  of 
coloured  light,  the  so-callL-d  phosphenes ;  a  sudden  blow  on  the 
eye  causes  a  sensation  of  flashes  of  light,  and  the  seeming  identity 
of  the  visual  sensations  so  brought  about  wiih  visual  sensations 
]>roduced  by  light  is  well  illustrated  by  the  statement  once  gravely 
tnarlc  in  a  German  court  of  law,  by  a  witness  who  asserted  that  on 
a  pilch  dark  night  he  recognised  an  assailant  by  help  of  the  flash 
of  ligiit  caused  by  the  assailant's  hand  coming  in  violent  contact 
with  his  eye.  Electrical  stimulation  of  the  eye  or  optic  nen'e  will 
also  give  rise  to  visual  sensations. 

TIjc  sensations  which  may  arise  without  any  light  faUing  on 
the  retina  need  not  necessarily  be  undefined  ;  on  the  contrary 
they  may  be  most  clearly  defined.  Complex  and  coherent  visual 
images  or  perceptions  may  arise  in  the  bram  without  any  corre- 
sponding objective  luminous  cause.  These  so  called  ocular  spectra 
or  phantoms,  which  are  the  result  of  an  intrinsic  stimulation  of 
some  (probably  cerebral)  part  of  the  visual  apparatus,  have  a 
distinctness  which  gives  them  an  apparent  objective  reality  quite 
as  striking  as  that  of  ordinary  visual  perceptions ".  They  may 
occ-asionally  be  seen  with  the  eyes  open  (and  therefore  while 
ordinary  visual  perceptions  are  being  generated)  as  well  as  when 
the  eyes  are  closed.  They  sometimes  become  so  frequent  and 
obtrusive  as  to  be  distressing,  and  form  an  important  element  in 
some  kinds  of  delirium,  such  as  delirium  tremens. 

Appreciation  of  apparent  size.  By  che  eye  alone  we 
can  only  estimate  the  apparent  size  of  an  object,  we  can  only  tell 
what  space  it  takes  in  the  field  of  vision »  we  can  only  perceive  the 
dimensions  of  the  retinal  image,  and  therefore  have  a  right  only  to 
speak  of  the  angle  which  the  diameter  of  the  object  subtends. 
The  nat  size  of  an  object  must  be  determined  by  other  means. 
But  our  perception  of  even  the  apparent  si/e  of  an  object  is  so 
mudiiied  by  concurrent  circumstances  that  in  maJiy  cases  it  cannot 
be  relied  on.  The  apparent  size  of  the  moon  must  be  the  same 
to  every  eye,  and  yet,  while  some  persons  will  be  found  ready  to 
compare  the  moon  in  mid  heavens  with  a  threepenny  piece,  others 
rill  liken  it  to  a  cart-wheel ;  that  is  to  say,  the  angle  subtended 
by  the  moon  seems  to  the  one  to  be  about  equal  to  tliat  subtended 

'  I  JUD  ncquAititcd  with  a  ca.'-e  in  which  ocular  spectra  of  a  placing  and 
goreroua  chsncter,  »uch  as  visions  of  flowers,  aad  landscapes,  can  be  brought 
tt  ooice  by  comprcuiDj^  Lhc  eyeballs  with  the  OTbiculaiia  musdft. 
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by  a  threepenny  piece  held  at  the  distance  Irom  the  cy« 
it  is  most  commonly  looked  at,  and  to  the  other  about 
that  subtended  by  a  cart-wheel  similarly  viewed,  at  the  dis 
which  it  is  most  commonly  looked  at.      If  a  line  such 
Fig'  57*  be  divided  into  two  equal  parts  AB,   BC^  and 


divided  by  distinct  marks  into  several  parts,  as  is  shewn 
figure,  while  BC  be  left  entire,  the  distance  AB  will  aJwa« 
greater  than  CB.  So  also,  if  two  equal  squares  be  mark 
with  horizontal  and  the  other  with  vertical  alternate  dar 
light  bands,  the  former  will  appear  higher,  and  the  latter  be 
than  it  really  is.  Hence  short  persons  affect  dresses  horiz 
striped  in  order  to  increase  their  apparent  height,  and  \ 
persons  avoid  longitudinal  stripes.  Two  perfectly  parallel  Ij 
bands,  each  of  whicli  is  crossed  by  slaniing  parallel  short 
will  appear  not  parallel,  but  di\  erging  or  converging  accord 
the  direction  of  the  cross-lines. 

Again,  when  a  short  person  is  placed  side  by  side  with 
person,  the  former  appeals  shorter  and  the  latter  taller  thai 
really  is.  The  moon  on  the  horizon  appears  larger  than  wl 
the  zenith,  jmrtly  because  it  can  then  be  most  easily  con 
with  terrestrial  objects,  and  partly  perhaps  because,  from  4 
ccption  we  have  of  the  heavens  being  flattened,  we  juds 
moi>n  to  be  farther  oif  at  the  horizon  than  at  the  zenith 
being  farther  off,  and  yet  subtending  the  same  angle,  must 
be  judged  larger.  The  absence  of  comparison  may,  hoi 
have  an  opposite  effect,  as  when  a  person  looks  larger  in 
being  seen  indistinctly,  he  is  judged  to  be  farther  off  than  he 
is,  and  so  appears  to  be  proportionately  larger,  just  as  conv 
distant  mountains  appear  small,  when  in  a  clear  atmosph 
are  seen  disiint  tly  and  so  judged  to  be  near.  Indeed,  our 
life  is  full  of  instances  in  which  our  direct  perception  is  m^^ 
by  circumstances.  Among  those  circumstances  previous  exi>cl 
is  one  of  the  most  potent,  and  thus  simple  perceptions  bi 
mingled  with  what  arc  in  reality  judgments,  though  freqi 
made  unconsciously.  But  this  intrusion  of  past  expehenci 
present  perceptions  and  sensations  is  most  obvious  in  biiK 
vision,  to  which  we  now  turn. 
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Sec  4.    BiNociTLAR  Vision. 
Corresponding  or  Identical  Points, 

Though  we  have  two  eyes,  and  must  therefore  receive  from 
rery  object  two  sets  of  sensations,  our  perception  of  any  object 
under  ordinary  circumstances  a  single  one ;  we  see  one  object, 
M  two.  By  putting  either  eye  into  an  unusual  position,  as  by 
squinting,  we  can  render  the  perception  double;  we  see  two 
objects  where  one  only  exists.  From  which  it  is  evident  that 
singleness  of  perception  depends  on  the  image  of  the  object 
falling  on  certain  parts  of  each  retina  at  the  same  time,  these  parts 
being  so  related  to  each  other,  that  the  sensations  from  each  are 
blended  into  one  perception ;  and  it  is  also  evident  that  the 
movements  of  the  eyeballs  are  adapted  to  bring  the  image  of  the 
object  to  fall  on  these  *  corresponding  *  or  •identical'  parts,  as 
they  are  called,  of  each  retina. 

When  we  look  at  an  object  with  one  eye  the  visual  axis  of  that 
eye  is  directed  to  the  object,  and  when  we  use  two  eyes  the  visual 
axes  of  the  two  eyes  converge  at  the  object,  the  eyeballs  moving 
accordingly.  The  corresponding  points  of  the  two  retinas  are 
those  on  which  the  two  images  of  the  object  fall  when  the  visual 
axes  converge  at  the  objecL     Thus  in  Fig.  58,  if  CV,  C€^  be  the 


Pta  J!U    DTAO«A.ti  ji-i-UrrKAriwa  CDi«i»«s»^Hni«o  Pot?its. 
L  lh«  left,  K  ih«  rifhl  eye.  /Tlhe  o«tcal  centre.  »,.  A,.  <■,  «re  pointi  in  the  riolit  eye 
iWUMliiiHilini  to  the  po«cii«  «  i,  ^  in  the  left  eye.     The  two  fi^m*  bdow  am  nnijectioo*  of 
AttHiftaftd  H  the  ri^M  mhn.     It  will  be  «eca  that  «  oo  the  muJar  ud^ot  L  oorreiqxMids 
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two  visual  axes,  <-,  ^j  being  the  centres  of  the  foveae  centals  d 
the  two  eyes,  then»  the  object  JCB  being  seen  single,  the  p»c*irrt« 
on  the  one  retina  will  'correspond  '  to  or  be  •  identicaj '  witli  the 
point  ^1  on  the  otiier,  and  the  point  ^  in  the  one  to  the  point  ikj  m 
the  other.  Hence  a  point  lying  anywhere  on  the  ri^ht  side  of  oos 
retina  has  its  corresjx>nding  point  on  the  riKht  side  of  the  ote 
retina,  and  the  points  on  the  left  of  one  correspond  wiiii  xhc'sr  '^i 
the  left  of  the  other.  Thus,  while  the  upper  half  of  the  rn 
the  left  eye  corresponds  to  the  upper  half  of  the  retina  <  >  c 
right  eye,  and  the  lower  to  the  lower,  the  nasa/  side  of  the  Icit  ^v: 
corresponds  with  the  malar  side  of  the  ri^jht,  and  the  maUf  ni 
the  left  with  the  nasal  side  of  the  right. 

Since  the  blending  of  the  two  sensations  into  one  only  QcttiT^ 
when  the  two  images  of  an  object  fall  on  these  corrcsi*orMiiTi; 
points  of  the  two  retinas,  it  is  obvious  that  in  single  vision  wiib 
two  eyes  the  orilinary  movements  of  the  eyeballs  must  be  such  » 
to  bring  the  visual  axes  to  converge  at  the  object  so  that  thv  ivo 
images  may  fall  on  corresponding  points.  When  the  visual  i«s 
do  not  so  converge,  and  when  therefore  the  images  do  not  fail  on 
corresponding  points,  the  two  sensations  are  not  bleuded  into  our 
perception  and  vision  becomes  double. 

Movements  qf  the  EyeMls, 

The  eye  is  virtually  a  ball  placed  in  a  socket,  the  orbit  and  ibc 

bulb  forming  a  ball  and  socket-joint.  In  its  sockct-jotm  the  optic 
ball  is  capable  of  a  variety  of  movements,  but  it  cannot  by  imy 
voluntary  etfort  be  moved  out  of  its  socket. 

It  is  stated  that  by  a  very  forcible  opening  of  the  eye!'^    •'"»  ^— 
ball  may  be  slighlly  priitnided ;  but  this  trifling  locomot 
neglected.     By  disease,  however,  the  posttion  uf  the  eye 
socket  may  be  materially  changed.  m 

Each  eyeball  is  capable  of  rotating  round  an  immobile  cexiM 
of  rotation,  which  has  been  found  to  be  placed  a  little  (i  '77  roi^ 
behind  the  centre  of  the  eye ;  but  the  movements  of  the  ^ 
round  the  centre  are  limited  in  a  peculiar  way.  The  shouldfl 
joint  is  a  similar  ball  and  socket-joint ;  and  we  know-  that  M 
can  not  only  move  the  arm  up  and  down  round  a  hoiiionJ 
axis  passing  through  the  centre  of  rotation  of  the  head  of  ^| 
humerus,  and  from  side  to  side  round  a  vertical  axis.  t>ut  we  ol 
also  rotate  it  round  its  own  longitudinal  axis.  When,  however,  w« 
come  to  examine  closely  the  movements  of  the  eyeball  we  ^tid,  M 
was  shewn  by  Donders,  that  though  we  can  move  it  up  and  down 
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round  a  horizontal  axis,  as  when  with  fixed  head  we  direct  our 
vision  to  the  heavens  or  to  the  ground,  and  from  side  to  side,  as 
when  we  look  to  left  or  right,  and  though  by  combining  these  two 
movements  we  can  give  the  eyeball  a  variety  of  inclinations,  we 
cannot,  by  a  voluntary  effort,  rotate  the  eyeball  round  its  longi- 
tudinal visual  axis.  The  arrangement  of  the  muscle  of  the  eyeball 
would  permit  of  such  a  movement^  but  we  cannot  by  any  direct 
effort  of  will  bring  it  about  by  itself ;  we  can  only  effect  it  in- 
directly when  we  attempt  to  move  the  eyeballs  in  certain  special 
ways. 

If,  when  vision  is  directed  to  any  object,  the  head  be  moved 
from  side  to  aide,  the  eyes  <Io  not  move  with  it ;  they  appear  to 
remain  stationary,  very  much  as  the  needle  of  a  ship's  compass 
remains  stationary  when  the  head  of  the  ship  is  turned.  The 
change  in  the  position  of  the  visual  axis  to  which  the  movement 
of  the  head  would  naturally  give  rise  is  met  by  compensating 
movements  of  the  eyeballs;  were  it  not  so,  steadiness  of  vision 
would  be  impossible. 

There  is  one  position  of  the  eyes  which  has  been  called  iht  primary 
j^sitian.  It  corresponds  to  that  which  may  be  attained  by  looking  at 
the  distant  horizon  with  the  head  vertical  and  the  body  upright  ;  but 
its  exact  determination  requires  special  precautions.  The  visual  axes 
are  then  parallel  to  each  other  and  to  the  median  plane  of  the  head. 
All  other  positions  of  the  eyes  arc  called  acondary  posHions,  In  a 
secondary  position  the  visual  line  take^  a  new  direction,  and  a  plane 
drawn  through  the  centre  of  rotation  at  right  angles  to  the  primary 
irection  of  the  visiual  line  acquires  importance  j  for  ii  was  suggested 
by  Listing,  and  proved  by  Donders  and  Hclmholts,  that  the  chan^ 
from  the  primary  to  any  secondary  position  is  brought  about  by  a  n 'ra- 
tion of  the  eye  round  an  axis  lymg  in  this  plane.  This  law  of  the 
moveraents  of  ihc  eye  is  known  as  Listing's  law.  The  chief  axes  in 
this  plane  are  the  transverse  axis  of  the  eye,  rotation  round  which 
causes  the  eye  to  move  up  and  do*n,  and  the  vertical  axis,  rotation 
round  which  causes  the  eye  to  move  from  side  to  side ;  rotAtion  round 
other  axes  in  the  plane  causes  oblicjue  movements.  Whcn^  on^  eye 
being  closed,  we  look  with  the  other  m  the  primary  position  at  a  vcr- 
ti  :al  coloured  stripe  on  a  grey  wall  until  a  negative  image  of  the  stnpe 
is  produced,  and  then  move  the  eye  away  from  the  strip.*,  the  negative 
im  ige  remains  vertical,  howtrver  much  the  e>"e  is  moved  either  hori- 
^Kintally  from  side  to  side,  or  vertically  up  and  down  ;  in  these  movc- 
pnents  which  arc  rotations  round  the  verticul  and  transverse  axes  re- 
spectively, the  relations  of  the  retina  to  the  visual  line  are  unchanged  ; 
tne  meridian  in  which  the  negative  image  lies  and  which  was  vertical 
in  the  primary  position,  remains  vertical  in  the  new  positions.  A 
horizontal  negative  image  similarly  remains  horizontal.  If  thecye  be 
moved  from  the  primary  position  in  an  oblique  dire::tion,  the  ncga* 
tive  image,  whether  horizontal  or  vertical,  becomes  vtvdAtvfc^*,  \wx 
P.  P.  7>^ 
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Hclmholtz'  shewed  that  an  oblique  linear  negative  miagc  also  1 
its  inclination  i*hen  the  eye  is  moved  from  the  priniarx' 
the  direction  of  the  hne  of  (or  at  right  angles  to  the  line  (. 
tive  image  ;  that  here  too  the  meridian  passing  through  • ' 
and  the  negative  image  remains  unchanged  ;  ajid  th. 
movement  m  this  case  also  must  be  brought  about  by  re.  .: 
axis  at  right  angles  to  the  plane  passing  through  the  mendiaa] 
negative  image  {*,€,  the  visual  line  in  its  new  direction)  and  thi 
line  in  the  primary  position.     In  other  words,  just  as  a  vcrtioil  or  he 
lontal  mo\tmcnt  of  the  eye  is  a  rotation  round  a  hftrizontal  or  vcrt;( 
axis  in  the  plane  of  rotation  spoken  of  above,  so  an  oblique  movanc 
is  a  rotation  round  an  oblique  axis  in  the  same  plane  and  not  m 
wpy  a  rotation  round  the  visual  axis  itself.     When  the  honrc 
vertical  negative  image  in  the  above  experiment  becomes  inclii 
oblique  movement  of  eye,  its  motion  is  similar  to  that  of  the  %\ 
a  wheel  ;  but  this  change  of  position  of  the  mcndians  of  ihi  , 
must  not  be  confounded  with  the  actual  rotation  of  the  eyeball 
visual  axis. 

All  movements  then  starting  from  the  primary  position,  w] 
rectangular  or  oblique,  are  executed  without  rotation  of  the  eji 

but  this  is  not  the  case  in  moving  from  one  secondary  posii 

another.     Moreover  Listing's  law  holds  good  only  so  long  as  the  vi« 
axes  remain  paralleL     When  the  visual  axes  are  made  to  convei^ 
some  amount  of  rotation  occurs,  and  that  even  when  their  horizotit 
direction,  proper  to  them  in  the  primary  position,  is  maintained, 
rotation  is,  with  the  exception  of  a  particubr    position,    still   more 
marked  when,  as  is  usually  the  case  during  the  convergence^  the  e>'es 
arcdirected  downwards. 

It  was  once  thought  that  the  maintenance  of  the  position  of  the  ej 
balls  when  the  head  was  turned  to  the  shoulders,  while  vision 
directed  to  an  object  in  front,  was  effected  by  means  of  a  rotation 
the  eyeballs.  This  Donders  proved  to  be  an  error,  though  some  slii 
amount  of  rotation  does  take  place,  in  various  other  movements 
the  eye  too  rotation  occurs  to  a  \'ariable  extent. 

Muscles  of  the  Eyeball.     The  eyeball  is  moved   by 
muscles,  the  redi  inferior,  superior,  interttus^  and  ex/entus,  and 
obliqui  inferior  2iX\A  suptriar.     It  is  found  by  calculation   from 
attachments  and  directions  of  the    muscles,  and    confirmed 
actual  observation,  that  the  six  niuscles  may  be  considered  as  thi 
pairs,  each  pair  rotating   the  eye  round  a  particular  axis,       X 
relative  attachments  and  the  axes  of  rotation  are  diagratnmatii 
shewn  in  Fig.  59.    Thus  the  rectus  superior  and  the  rectus  inferii 
rotate  the  eye  round  a  horizon lal  axis,  which  is  directed   from 

tipper  end  of  the  nose  to  the  temple  ;  the  obliquus  superior 

iJbhquus  inferior  round  a  horizontal  axis  directed  from  the  centre  of 


•  Prot.  R§y,  Set,,  xni,  (1864)  p.  186. 
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the  eyeball  to  ihc  occiput ;  and  the  rectus  internus  and  rectus 
cxtcrnus  round  a  vertical  axis  (which,  being  at  right  angles  to  the 
plane  of  the  paper,  cannot  be  shtwn  in  the  diaj^ram),  passing 
through  the  centre  of  rotation  of  the  eyeball  parallel  to  the  medium 
f»lane  of  the  head  when  the  head  is  vertitaL  Thus  the  latter  pair 
acting  alone  would  turn  the  eye  from  side  to  side^  the  other 
straight  pair  acting  alone  would  move  the  eye  up  and  round,  while 
the  oblicjuc  muscles  acting  alone  would  give  the  eye  an  oblique 
movement.     The  rectus  extemus  acting  alone  would  turn  the  eye 
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kxt»  or  H0TATiOM»  tbe  Uutcr  beby  refir«««]ii«d  bjr<toilc<f  Xmts.  1  he  axU  of  rot^riitn 
of  the  Kctna  ectonu  maA  ioteniuk  venn  peipciuUcalBr  to  ihc  plane  of  tbe  vmatt,  cwnnot 
Uthcwiu    CAficrricfc.) 

to  the  malar  side,  the  intcmus  to  the  nasal  side,  the  rectus  superior 
upwards,  the  rectus  inferior  downwards,  the  oblique  superior 
downwards  and  outwards,  and  the  inferior  upwards  and  outwards. 
The  recti  superior  and  inferior  b  moving  the  eye  up  and  down 
also  turn  it  somewhat  inward  and  at  the  same  time  give  it  a  slight 
amount  of  rotation  ;  but  this  is  corrected  if  the  oblique  muscles  act 
at  ihc  same  time ;  and  it  is  found  that  the  rectus  superior  acting 
with  the  obliquus  inferior  moves  the  eye  upwards,  and  the  rectus 
interior  widi  the  obliquus  superior  downwards  in  a  vertical  direction. 
In  oblique  movemenu  also,  the  obliqui  are  always  asa^a^lvivi  Vv^ 
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the  recti*     Hence  the  various  movements  of  the  cyetwill  auj  be 
arranged  as  follows : 


In 

CO  o 

B 


Is 

6§ 


'  Elevation. 
Depression* 
Adduction  to 

nasal  side. 
Adduction  to 

malar  side. 

Elevation  with 

adduction. 

Depression 
with  atlduction. 
Elevation  with 

ab<]uction. 

Depression 
with  abduction. 


Rectus  superior  and  obliquus  inferior. 
Rectus  inferior  and  obliquus  superior. 

Rectus  internus. 
Rectus  externus. 


Rectus  superior  and  intemus  with  obltquus 

inferior. 
Rectus  inferior  and  intemus  with  oblicous 

superior. 
Rectus  superior  and  exterhus  with  obliquus 

inferior. 
Rectus  inferior  and  externus  with  obhqwis 

superior. 


Coordination  of  Visual  Wovements.  Thus  even  in  the 
movements  of  a  single  eye,  a  considerable  amount  of  coordin*' 
tion  takes  place.  \Vhen  the  eye  is  moved  in  any  otlier  tlian  tbc 
vertical  and  horizontal  meridians,  impulses  must  descend  lo  at 
least  three  muscles,  and  in  such  relative  energy  to  each  of  the 
three  as  to  produce  the  required  inclination  of  the  visual  axti, 
But  the  coordinatiun  obsened  in  binocular  vision  is  more  striking 
still.  If  the  movements  of  any  person's  eyes  be  watched  it  will  be 
seen  that  the  two  eyes  move  alike.  If  the  right  eye  luoves  to  the 
rights  so  does  also  the  left ;  and,  if  the  object  looked  at  be  a  distant, 
one,  exactly  to  the  same  extent ;  if  the  right  eye  looks  up,  the  Irft 
eye  looks  up  also,  and  so  in  every  other  direction.  Very  few 
persons  are  able  by  a  direct  effort  of  the  will  to  move  one  eye  in- 
dependently of  the  other ;  though  some,  and  among  them  one 
distinguished  both  as  a  physiologist  and  an  oculist,  have  acquired 
this  power.  In  fact,  the  movements  of  the  two  eyes  are  so  ai^ 
ranged  that  in  the  various  movements  the  images  of  any  object 
should  fall  on  the  corresponding  points  of  the  two  retinae,  and  thitf 
thus  single  visioii  should  result.  We  cannot  by  any  direct  effort  fA 
our  will  place  our  eyes  in  such  a  position  that  the  rays  of  light  pro- 
ceeding from  any  object  shall  fall  on  parts  of  the  retina  which  do 
not  correspond,  and  Uius  give  rise  to  two  distinct  visual  images 
We  can  bring  the  visual  axes  of  the  two  eyes  from  a  condition  of 
Darallclism  to  one  of  great  convergence,  but  we  cannot,  without 


assistance^  bring  them  firom  a  condition  sof  parallelism  to 
ic  of  divergence. 

The  stereoscope  wilJ  enable  us  to  create  a  divergence.  If  in  a 
Icreoscopic  picture  the  distance  between  the  pictures  be  increased  so 
gradu;illy  that  the  impression  of  a  single  object  be  not  lost,  the  visual 
iucc§  may  be  brought  to  diverge  Helmholir,  while  looking  at  a  dis- 
tAHt  object  with  a  prism  before  one  eye,  with  the  angle  of  the  prism 
directed  towards  the  nose  and  the  vision  of  the  object  kept  carefully 
single,  found  after  turning  the  angle  very  slowly  up  or  down,  and  keep- 
ing the  image  of  the  object  single  all  the  time,  that  on  removing  the 
prism  a  double  image  was  for  a  moment  seen  ;  shewing  that  the  eye 
bcfofe  which  the  prism  was  placed  had  moved  in  disaccordance  with 
the  other.  The  double  image  however  in  a  few  seconds  after  the 
removal  ol  the  prism  became  single,  on  account  of  the  eyes  coming 
into  accordance. 

It  is  only  when  loss  of  coordination  occurs,  as  in  various  dis- 
eases and  in  alcoholic  or  other  poisoning,  that  the  movements  of 
the  two  eyes  cease  to  agree  with  each  other.  It  is  evident  then 
that  when  we  look  at  an  object  to  the  right,  since  we  thereby 
abduct  the  right  eye  and  adduct  the  left,  we  throw  into  action  the 
rectus  extemus  of  the  right  eye  and  the  rectus  intemus  of  the 
left ;  and  similarly  when  we  look  to  the  left  we  use  the  rectus 
externus  of  the  left  and  the  rectus  internusof  the  right  eye.  When 
we  look  at  a  near  object,  and  therefore  converge  the  visual  axes, 
we  use  the  recii  interni  of  both  eyas ;  and  when  we  look  at  a 
distant  object,  and  bring  the  axes  from  convergence  towanls  paral- 
lelism, we  use  the  recti  extern i  of  both  eyes.  In  the  various 
movements  of  the  eye  there  b  therefore,  so  to  speak,  the  most 
delicate  picking  and  choosing  of  the  muscular  instruments  Bt^ar- 
ing  this  in  mind,  it  cannot  be  wondered  at  that  the  various  move- 
ments of  the  eye  are  dependent  for  their  causation  on  v  sual 
lensations.  In  order  to  move  our  eyes,  we  must  cither  look  at  or 
for  an  object ;  when  we  wish  to  converge  our  axes,  we  look  at 
some  near  object  real  or  imaginary,  and  the  convergence  of  the 
axes  is  usually  accompanied  by  all  the  conditions  of  near  vision, 
such  as  increased  accommodation  and  contraction  of  the  pupiU 
And  so  with  other  movements. 

The  close  association  of  the  movements  of  the  eye  may  be  illus- 
t rated  by  the  following  case.  Suppose  the  eyes,  to  start  with,  directed 
fur  the  far  distance,  and  that  it  is  desired  to  direct  attention  to  a  nearer 
point  lying  in  the  visuil  line  of  the  right  eye.  In  this  case  no  move- 
ment of  theri^^ht  eye  is  required  ;  all  that  is  necessary  is  for  the  left 
eye  to  bo  tamed  to  the  right,  that  is,  for  the  rectus  intemus  of  the  left 
eye  to  be  thrown  into  action.  But  in  ordinary  movements  the  contrac- 
tion of  this  muscle  is  always  associated  with  cvvher  \Xv«  \^^ta'>t:»^x:vcv>^:& 
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of  the  right  eye  (as  when  both  eyes  are  turned  to  the  righ( 

rectus  internus  of  that  eye,  as  in  con\"ergence  ;  the  ixiuscie  is  < 
accustomed  to  act  alone.  This  would  lead  us  to  suppose  thj 
case  in  question  the  contraction  of  the  rectus  internus  of  the  J 
accompanied  by  a  contraction  of  both  recti  externum  and  in 
the  right  eye,  keeping  that  eye  in  lateral  equiJibrium.  And 
come  to  examine  our  own  consciousness,  we  feci  a  sense  of 
the  right  as  well  as  in  the  left  eye,  and  the  slij^ht  amount  of 
which  accompanies  convergence  (see  p.  562)  may  be  discoverer 
the  right  as  weU  as  in  the  left  eye. 

Such  a  complex  coordination  requires  for  its  carrying 
tinct  nervous  machinery;  and  we  have  reasons  for  thinki 
such  a  machinery  exists  in  certain  parts  of  the  corpora 
gemina  or  in  the  underlying  structures  (see  p.  525).  In  thi 
Adamuk  finds  a  common  centre  for  both  eyes,  stimulation 
right  side  producing  movements  of  both  eyes  to  the  left,  of 
side  movements  to  the  right ;  while  stimulation  in  the  mid< 
behind  causes  a  downward  movement  of  both  eyes  T*-i| 
vergenee  of  the  axes,  and  in  the  front  an  upward  movem 
return  to  paialklisro,  both  accompanied  by  the  naturally  as3 
movements  of  the  pupil.  Stimulation  of  various  parts 
nates  causes  various  movements,  depending  on  the  positio 
spot  stimulated.  After  an  incision  in  the  middle  line,  stir 
of  the  nervous  centre  on  one  side  produces  movements  in 
of  the  same  side  only. 


Tk£  Horopter. 


I 


u 


When  we  look  at  any  object  we  direct  to  it  the  visua 
that  when  the  object  is  small,  the  'corresponding'  parts  of 
retinae,  on  which  the   two  images  of  the  object  fall,  lie 
respective   fovcse  centrales.       But  while  we  are    looking 
particular  object  the  images  of  other  objects  surrounding  it 
the  retina  surrounding  the  fovea,  and  thus  go  to  form  what  \% 
indirect  vision.    And  it  is  obviously  of  advantage  that  these 
also  should  fall  on  *  corresponding  *  parts  in  the  two  ej'es 
for  any  given  position  of  the  eyes  there  exists  in  the  field  of 
a  certain  line  or  surface  of  such  a  kind  that  the  images  of  the 
in  it  all  fall  on  corresponding  points  of  the  retina.     A 
surface  hav^ing  this  property  is  called  a  Horopter*     The  h 
is  in  fact  the  aggregate  of  all  those  pomts  in  s[>ace  which 
jected   on   to    corresponding   points   of    the   retina;    he 
determination   in    any    particular   case    is    simply  a   mat 
geometrical  calculation.     In   some  instances  it   becomes 
>mplicated  figure.      The  case  whose  features  are  most 
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grasped,  is  a  circle  drawn  in  the  plane  of  ihe  two  visual  axes 
through  the  point  of  the  convergence  of  the  axes  and  the  optic 
centres  of  the  two  eyes.  It  is  obvious  from  geometrical  relations 
tliat  in  Fig.  60  the  images  of  any  point  in  the  circle  will  fall  on 
corresponding  points  of  the  two  retinie.  When  we  sLind  upright 
and  look  at  the  distant  horizon  the  horopter  is  (approximately,  for 
normal  long-sighted  persons)  a  plane  drawn  through  our  Icet,  that 
is  to  say,  is  the  ground  on  which  we  stand  ;  the  advantage  of  this 
ia  obvious. 


Fig.  60.    DiAGRAJi  iLLUtTftATitto  A  nwuM  HoKomx. 

When  the  vifual  aze«  eonrtttK  &t  C,  the  touiffct «  «  of  any  point  ^  on  the  drcW  Asws 
through  C  aDd  the  ofMJcaJ  cenuui  i  ik,  will  fall  on  < 


In  determining  the  positioo  of  corresponding  points  it  must  be  rt- 
membered,  as  Helmholu'  has  shewn,  that  while  the  horizontal  meri 
dians  of  the  two  helds  really  correspond,  it  is  the  appar^H/ and  nottlie 
r//i/  vertical  meridians  which  are  combined  into  one  image  in  binocular 
vision,  and  it  is  therefore  by  these  that  the  corresponding  points  must 
be  determined.  If  two  areas  be  marked  with  lines  nearly  but  not  quite 
vertical,  those  on  the  right  side  inclining  to  the  left,  and  those  on  the 
left  to  the  right,  the  former  when  judged  by  the  right  eye  will  nppear 
scrtical,  though  their  slant  will  be  apparent  to  the  left  eye,  and  the 
latter  will  appe;ir  vertical  to  the  left  eye  but  not  to  the  right  When 
combined  in  a  stereoscope  picture,  the  lines  in  spite  of  their  not  being 
parallel  will  appear  completely  to  coincide,  shewing  that  it  is  ihe 
apparent  position  of  the  vertical  lines  which  must  be  taken  into 
consideration  m  determining  corresponding  points. 

'  friK,  Rey^  Soc.,  IIII.  (1864}  p.  96 
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Sec.  5.     Visual  Judgments, 


Binocular  vision  is  of  use  to  us  inasmuch  as  the  one  qpe 
able  to  fill  up  the  gaps  and  imperfections  of  the  other. 
example,  over  and  above  the  monocular  filling  up  of  the  bti 
spot,  of  which  we  spoke  in  page  556,  since  the  two  blind  spoti 
the  two  eyes,  being  each  on  the  nasal  side,  are  not  *conrespotid 
parts,  the  one  eye  supplies  that  part  of  the  field  of  vision  whi 
is  lacking  in  the  other.  And  other  imperfections  are  simfli 
made  good>  But  the  great  use  of  binocular  vision  is  to  afiord 
means  of  forming  visual  judgments  concerning  the  form,  size,  i 
distance  of  objects. 

Judgment  of  Distance  and  Size,  The  perceptions  whi 
we  gain  simply  and  solely  by  our  field  of  vision  concern  tl 
dimensions  only.  We  can  become  aware  of  the  apparent  ! 
of  any  part  of  the  field  corresponding  to  any  particular  obj( 
and  of  its  ioi)Ographical  relations  to  the  rest  of  the  field,  but 
more.  Had  we  nothing  more  to  depend  on,  our  sight  u-ould 
almost  valueless  as  far  as  any  exact  information  of  the  exter 
world  was  concerned.  By  association  of  the  visual  sensati^ 
with  sensations  of  touch,  and  with  sensations  derived  from  l] 
movements  of  the  eyeballs  required  to  make  any  such  part  of  || 
field  as  corresponds  to  a  particular  object  distinct^  we  are  led 
form  judgments,  />.  to  draw  conclusions  concerning  the  extern 
world  by  means  of  an  interpretation  of  our  visual  perception 
Looking  btfore  us,  we  say  we  see  a  certain  object  of  a  cenai 
colour  nearly  in  fi-ont  of  us,  or  much  on  our  right  hand  or  mu 
on  our  left ;  that  is  to  say,  we  judge  such  an  object  to  be  in  SU' 
a  position  because  from  the  constitution  of  our  brain,  strengthen^ 
by  all  our  experience,  we  associate  such  a  part  of  our  field 
vision  with  such  an  object.  The  subjective  visual  comj>l 
sensation  or  perception  is  to  us  a  symbol  of  the  cxtemj 
object. 

Even  with  one  eye  we  can,  to  a  certain  extent,  form  a  judj 
ment,  not  only  as  to  the  position  of  the  object  in  a  plane 
right  angles  to  our  visual  axis,  but  also  as  to  its  distance  froi 
us  along  the  visual  axis.  If  the  object  is  near  to  us,  we  ha 
to  accommodate  for  near  vision  ;  if  far  from  us,  to  relax 
accommodation  meclianism  so  that  the  eye  becomes  adjusted  ft 
distance.  The  muscular  sense  (see  chap,  iv.  sec*  4)  of  ih 
effort  enables  us  to  form  a  judgment  whether  the  object  1 
far  or  near.  Seeing  the  narrow  range  of  our  accommodatio 
and  the  slight  muscular  effort  which  it  entails,  all  monocuU 
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judgments  of  distanc*;  must  be  subject  to  much  error.  Every 
one  who  has  tried  lo  thread  a  needle  without  using  both  eyes, 
knows  how  great  these  errors  may  be.  When,  on  the  other  hand, 
we  use  two  eyes,  we  Iiave  still  the  variations  in  accommodation, 
and  in  addition  have  all  the  assistance  which  arises  from  the 
muscular  effort  of  so  directing  the  two  eyes  on  the  object  that 
single  vision  shall  result  When  the  object  is  near,  we  converge 
our  visual  axes ;  when  distant,  we  bring  them  back  towards 
parallelism.  I'his  necessary  contraction  of  the  ocular  muscles 
affords  a  muscular  sense,  by  the  help  of  which  we  form  a  judg- 
ment as  to  the  distance  of  the  object  Hence,  when  by  any 
means  the  convergence  which  is  netessarv  to  bring  the  object 
into  single  vision  is  le^^sened,  the  object  seems  to  become  more 
distant ;  when  increased,  to  move  towards  us,  as  may  be  seen  in 
the  stereoscope. 

The  judgment  of  size  is  closely  connected  with  that  of  distance. 
'  lur  perceptions,  gained  exclusively  from  the  field  of  vision,  go  no 
faiihcr  than  the  apparent  size  of  the  image,  />.  of  the  angle  sub- 
Uncled  by  the  object.  The  real  sixe  of  the  object  can  only  be 
gathered  from  the  apparent  size  of  the  image  when  the  distance 
of  the  object  from  the  eye  is  known.  Thus  perceiving  directly 
the  apparent  size  of  the  image,  we  judge  the  distance  of  the 
object  giving  the  image,  and  uf^on  that  come  to  a  conclusion  as  to 
its  size.  And  conversely,  when  we  see  an  object,  of  whose  real 
size  we  are  otherwise  aware,  or  are  led  to  think  we  are  aware,  our 
judgment  of  its  distance  is  influenced  by  its  apparent  size.  Thus 
when  in  our  field  of  vision  there  apj>ears  the  image  of  a  man, 
knowing  otherwise  the  ordinary  size  of  man,  we  infer,  if  the  image 
be  ver)'  small,  that  the  man  is  far  off.  The  reason  of  the  image 
being  small  may  be  because  the  man  is  far  off,  in  which  case 
our  judgment  is  correct ;  it  may  be,  however,  because  the  image 
has  been  lessened  by  artificial  dioptric  means,  as  when  the  man 
is  looked  at  thiough  an  inverted  telescope,  in  which  case  our 
judgment  becomes  a  delusioti.  So  also  an  image  on  a  screen 
when  gradually  enlarged  seems  to  come  forward,  when  gradually 
diminished  seems  to  recede.  In  these  cases  the  influence  on 
our  judgment  of  the  muscular  sense  of  binocular  adjustment, 
or  monocular  accommodation,  is  thwarted  by  the  more  direct 
influence  of  the  association  between  size  and  distance. 

Judgment  of  Solidity.  When  we  look  at  a  small  circle 
all  parts  gf  the  circle  arc  at  the  same  distance  from  us,  all  parts 
arc  equally  distinct  at  the  same  lime,  whether  we  look  at  it  with 
one  eye  or  with  two  eyes.     When,  on  the  other  hand,  we  IooIl  aX 
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a  sphere,  the  various  parts  of  which  are  at  difiTereot  d 
us,  a  sense  of  the  accommodation,  but  much  more  a 

binocular  adjustment,  of  the  convergence  or  the  op     

two  eyes,  required  to  make  the  various  parts  successively 
makes  us  aware  that  the  various  parts  of  the  sphere  are  oi 
distant :  and  from  that  we  fomi  a  judgment  of  its  solid 
with  distance  of  objects,  so  with  solidity,  which  is  at  bc 
matter  of  distance  of  the  parts  of  an  object,  we  can  fomi 
nient  with  one  eye  alone ;  but  our  ideas  become  much 
and  trustworthy  when  two  eyes  are  used.  And  we 
assisted  by  the  eflfects  produced  by  the  reflection  of  light  ft 
various  surfaces  of  a  solid  object  ,  so  much  so,  that  raised 
may  be  made  to  appear  depressed,  or  vicf  versa,  and  flat 
cither  raised  or  depressed,  by  appropriate  arrangements  of  s| 
and  shadow. 
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Fig.  61* 

Binocular  vision,  moreover,  affords  us  a  means  of  jud^ 
the  solidity  of  objects,  inasmuch  as  the  image  of  any  solid 
which  lalls  on  to  the  right  eye  cannot  be  exactly  like  that 
falls  on  the  left^  though  both  are  combin^'d  in  the  single 
tion  of  the  two  eyes.  Thus,  when  we  look  at  a  truticnf  cd  p 
placed  in  the  middle  line  before  us,  the  image  which  falls 
right  eye  is  of  the  kind  represented  in  Fig.  61  R,  while  that 
fidls  on  the  left  eye  has  the  form  of  Fig.  61  L;  yet  the  pero 
gained  from  the  two  images  together  corresponds  to  the  fo 
which  Fig.  61  B,  is  the  projection.  Whenever  we  thus  coi 
in  one  perception  two  dissimilar  images,  one  of  the  one, 
other  of  the  other  eye,  we  judge  that  the  object  giving  rise 
images  is  solid. 

This  is  the  simple  principle  of  the  stereoscope,  in  whic 
slightly  dissimilar  pictures^  such  as  would  correspond  to  the 
of  each  eye  separately,  are,  by  means  of  reflecting  mirrors, 
Wheatstone's  original  instrument,  or  by  prisms,  as  in  the 
introduced  by  Brewster,  made  to  cast  images  on  corresp 
parts  of  the  two  retinas  so  as  to  produce  a  single  peroej 
Though  each  picture  is  a  surface  of  two  dimensions  onl 
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resulting  perception  is  the  same  as  if  a  single  object,  or  group  of 
objects,  of  three  dimensions  had  been  looked  at 

It  might  be  supposed  that  the  judgment  of  solidity  which  arises 
when  two  dissimilar  images  are  thus  combined  in  one  perception, 
was  due  to  the  fact  that  all  parts  of  the  two  images  cannot  fall  on 
[Corresponding  parts  of  the  two  retinas  at  the  same  time»  and  that 
therefore  the  combination  of  the  two  needs  some  movement  of  the 
eyes.  Thus,  if  we  superimpose  R  on  L  (Fig.  6i)»  it  is  evident 
that  when  the  bases  coincide  the  truncated  apices  will  not,  and 
vUeifersa:  hence,  when  thj  bases  fall  on  corresponding  parts,  the 
apices  will  not  be  combined  into  one  image,  and  via  versa  ;  in 
order  that  l*oth  may  be  combined^  there  must  be  a  slight  rapid 
movement  uf  the  eyes  from  the  one  to  the  other  That,  however, 
no  such  movement  is  necessary  /or  each  particular  cast  is  shewn 
by  the  fact  that  solid  objects  appear  as  such  when  illuminated  by 
an  electric  spark,  the  duration  of  which  is  loo  short  to  permit  of 
any  movements  of  the  eyes.  If  the  flash  occurred  at  the  moment 
that  the  eyes  were  binocularly  adjusted  for  the  bases  of  the  pyra- 
mids, the  two  apices  not  falling  on  exactly  corresponding  parts 
would  give  rise  to  two  perceptions,  and  i\\^  whole  object  ought  to 
appear  confused.  That  it  does  not,  but,  on  the  contrary,  appears 
a  single  solid,  must  be  the  result  of  cerebral  operations,  resulting 
in  what  we  have  called  a  judgment. 

I  Struggle  of  the  two  Fields  of  Vision,  If  tlie  images 
of  two  surfaces,  one  black  and  the  otlier  white,  arc  made  to  fall 
on  corresponding  parts  of  the  eye,  so  as  to  be  united  into  a  single 
perception,  the  result  is  not  always  a  mixture  of  the  two  impres- 
sions, that  is  a  grey,  but,  in  many  cases,  a  sensation  similar  to  that 
produced  when  a  polished  surface,  such  as  plumbago,  is  looked 
at ;  the  surface  appears  brilliant.  The  reason  probably  is  because 
when  we  look  at  a  polished  surface  the  amount  of  reflected  light 
which  falls  upon  the  retina  is  generally  different  in  the  two  eyes  ; 
and  hence  we  aissociate  an  unequal  stimulation  of  the  two  retinas 
with  the  idea  of  a  polished  surface.  So  also  when  the  impressions 
of  two  colours  are  united  in  binocular  vision,  the  result  is  in  most 
cases  not  a  mixture  of  the  two  colours,  as  when  the  same  two  im- 
pressions are  brought  to  bear  together  at  the  same  time  on  a  single 
retina,  but  a  struggle  between  the  two  colours,  now  one,  and  now 
the  other,  becommg  prominent,  intermediate  tints  however  being 
frequently  passed  through.  This  may  arise  from  the  dilficulty  of 
accommodaring  at  the  same  time  for  the  two  different  colours 
(sec  p.  520);  if  two  eyes,  one  of  which  is  looking  at  red*  and 
the  other  at  blue,  be  both  accommodated  for  red  rays,  t.K«.  \tA 
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sensation  will  overpower  the  blue,  and  vici  t^ersa.  It  may  be 
that  the  tendency  to  rhythmic  action,  so  manifest  in  other 
manifestations  of  protoplasmic  activity,  makes  its  appc 
in  the  higher  cerebral  labours  of  binocular  vision. 


Sec  6.    The  Protective  Mechanisms  of  the  E 

The  eyeball  is  protected  by  the  eyelids,  which  arc  caj 
movements  called  respectively  opening  and  shutting  the  ev< 
eye  is  shut  by  the  contraction  of  the  orbicularis  muscle 
out  either  as  a  reflex  or  voluntary  act,  by  means  of  th( 
nerve.  The  eye  is  opened  chiefly  by  the  raising  of  th 
eyelid,  through  the  contraction  of  the  levator  paJpebne  can 
by  means  of  the  third  nerve.  The  upper  eyelid  is  also  ralj 
the  lower  depressed,  the  eye  being  thus  opened,  by  m 
plain  muscular  fibres  existing  in  the  two  eyelids  and  gove 
the  cervical  sympathetic.  The  shutting  of  the  eye  as  in  \ 
is  in  general  eflfected  more  rapidly  than  the  opening. 

The  eye  is  kept  continually  moist  partly  by  the  secr< 
the  glands  in  the  conjunctiva,  and  of  the  Meibomian  glan 
chiefly  by  the  secretion  of  the  lachrymal  gland.  Under  oi 
circumstances  the  fluid  thus  formed  is  carried  away  by  the 
mal  canals  into  the  nasal  sac  and  thus  into  the  cavity  of  tb 
When  the  secretion  becomes  too  abundant  to  escape  in  this 
overflows  on  to  the  cheeks  in  the  form  of  tears. 

If  a  quantity  of  tears  be  collected,  they  are  found  to 
dear  faintly  alkabne  Quid,  in  many  respects  like  saliva,  cont 
about  I  p.c.  of  solids,  of  which  a  small  part  is  proteid  in 
Among  the  salts  present  sodium  chloride  is  conspicuous. 

The  nervous  mechanism  of  the  secretion  of  tears,  in 
respects,  resembles  that  of  the  secretion  of  saliva.  A  1 
usually  brought  about  either  in  a  reflex  manner  by  stimuli  a 
to  the  conjunctiva,  the  nasal  raucous  membrane,  tongue, 
nerve,  &c.  or  more  directly  by  emotions.  Venous  congi 
of  the  head  is  also  said  to  cause  a  flow.  The  efferent 
belong  either  to  the  cerebro-spinal  system,  (the  lachryma 
orbital  branches  of  the  fifth  nerve,)  or  arise  from  the  c 
sympathetic,  the  afferent  nerves  varying  according  to  the  e: 
cause. 

Herzenstein*  and  Wolfen"  shewed  that  stiniulAtion  of  the  peril 
end  uf  the  divided  lachrv-mal  branch  of  ihe  fifth  ncr\'e  prodii 
copious  flow  of  tears.    After  division  of  this  branch  slimulatioo 

■  Du  Bois-Rcymond's  Arckiv^  »S67,  p.  651. 

■  Dissertation     Hciile  and  Meissner's  Btrichi,  1871,  p.  245, 
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nasal  mucous  membrane  produced  no  increased  flow :  the  nfflex  act 
could  not  be  carried  out.  Stimulation  of  the  orbital  (subcutaneous 
malar)  branch  also  produced  an  increased  flow  but  not  to  ^o  marked  an 
extent*  or  so  constantly  as  did  stimulation  of  the  lachrymal  branch* 
According  to  Wolfcn*  and  Reich',  stimulation  of  the  upper  end  of  the 
divided  ccivical  sympathetic  also  pmduces  an  increased  flow,  even 
after  division  of  the  lachrymal  nerve ;  Henenstcin's  results  on  this 
point  were  uncertain  or  negative.  Reich  also  maintains  that  stimula- 
tion of  the  peripheral  portion  of  the  divided  root  of  the  fifth  nerve  does 
not  excite  the  gland,  but  that,  after  such  a  divisioii,  the  dow  of  tears 
may  be  excited  in  a  reflex  manner  as  usual.  This  would  shew  that 
the  secretory  fibres  in  the  lachrymal  branch  do  not  belong  properly  to 
the  fifth  nerve.  Reich  believes  that  they  come  howcer  not  from  the 
facial,  as  might  by  analogy  with  the  submaxillary  gland  be  supposed, 
but  from  the  sympathetic. 

The  act  of  winking  undoubtedly  favours  the  passage  of  tearj 
through  the  lachrymal  canals  into  the  nasal  sac,  and  hence  when  the 
orbicularis  is  paralysed  tears  do  not  p>ass  so  readily  as  usual  into 
the  nose ;  but  the  exact  mechanism  by  which  this  is  effected  has 
been  much  disputed.  According  to  some  authors,  the  contraction 
of  the  orbicularis  presses  the  fluid  onwards  out  of  the  canals, 
which,  upon  the  relaxation  of  the  orbicularis,  dilate  and  receive  a 
fresh  quantity.  l)emtschenko3  states  that  a  special  arrangement 
of  muscular  fibres  keeps  the  canals  oi>en  even  ilunng  the  closing 
of  the  lids,  so  that  the  pressure  of  the  contraction  of  the  orbi- 
cularis is  able  to  have  full  effect  in  driving  the  tears  through  the 
canals. 


•  Op.  ciL 

•  Ar^hwf  Ofhikaimoi.,  X»X,  (1 873)  p.  38. 

1  Hofnunn  and  Schwaltie's  BtrUkt^  1873^  p.  530^ 
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Sec.  I.    Hearing. 

As  in  the  eye,  so  in  the  ear,  we  have  to  deal  first  with  a  nened 
special  sense,  the  stimulation   of    which  gives  rise    to  a  speaaJ 
sensiition ;    secondly  with    terminal    organs    through    which    ik 
physical  changes  proper  to  the  special  sense  are  enabled  to  act  oa 
the   nerve,  and   thirdly  with   subsitUary  apparatus,  by   wh    '    ' 
usefulness  of  the  sense  is  increased.     The  central  cotjnc^ 
the  auditory  nerve  are  such  that  whenever  the  auditory  h. 
stimulated,  whether  by  means  of  the  terminal  organs  in  li 
way  or  by  the  direct  application  of  stimuli,  electrical,  tnec 
&c.,  the  result  is  always  a  sensation  of  sound,     Jtist  as  stin 
of  the  optic  fibres  produces  no  other  sensarion  thjin  that  ■ 
so  stimulation  of  the  auditory  lihres  produces  no   other  sc 
than  that  of  sound'.     The  terminal  organs  of  the  auditor)-  ncnc 
are  of  two  kinds  :  the  complicated  organ  of  Corti  in  the  cochlca» 
and  the  epithelial  arrangements  of  the  maculae  and  crislae  acoustiae 
in  other   parts  of  the  iabyrinth.     Waves  of  sound    falling  on  the 
auditory  nerve  itself,  produce  no  efl'ect  whatever;   it  is  only  when 
by  the  medium  of  the  endolymph  they  are  brought  to  bear  on  the 
delicate  and  peciiliar  epithelium   cells  which  constitute   the  peri- 
pheral terminations   of  the   nerve,  that  sensations  of  sound  aiis^ 
Such  delicate  structures   are  for  the  sake  of  protection   natural? 
withdrawn  from  the  surface  of  the  body  where   they    would  be 
subject  to  injury.     Hence  the  necessity  of  an  acoustic  apparaltJS, 
forming  the  middle  and  external  ear,  by  which  the  waves  of  souftd 
are  most  advantageously  conveyed  to  the  terminal  organs. 

'  It  will  be  seen  later  on  that  there  are  reasons  for  thinking  thai  tmpiiL^ 
passing  -along  the  auditory  Mi'rzv  may  ^vc  riiC  to  other  cfTecti  ihan   aaujti*! 
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The  Acoustic  Apparatus. 

Waves  of  sound  can  and  do  reach  the  endolyraph  of  the  laby- 
rinth by  direct  conduction  through  the  skull.  Since  however 
sonorous  vibrations  are  transmitted  with  great  difficulty  from  the 
air  to  solids  and  liquids,  and  most  sounds  come  to  us  through  the 
air,  some  special  apparatus  is  required  to  tmnsfcr  the  aerial 
vibrations  to  the  liquids,  of  the  internal  ear.  This  apparatus  is 
supplied  by  the  tympanum  and  its  appendages 

The  concha.  The  use  of  this,  as  far  as  hearing  is  con- 
ccnied,  is  to  collect  the  waves  of  sound  coming  in  various 
directions,  and  to  direct  them  on  to  the  membrana  lympani.  In 
ourselves  of  moderate  service  only,  in  many  animals  it  is  of  great 
imiwrtance. 

The  membrana  tympani.  It  is  a  characteristic  property 
of  stretched  membranes  that  they  are  readily  thrown  into  vibration 
by  aerial  waves  of  sound.  The  membrana  tympani,  from  its 
peculiar  confurmation,  being  funnel-shaped  with  a  depressed 
centre  surrounded  by  sides  gently  convex  outwards,  is  peculiarly 
susceptible  to  sonorous  vibrations,  and  is  most  readily  thrown 
into  corresponding  movements  when  waves  of  sound  reach  it  by 
Uie  meatus.  It  has  moreover  this  useful  feature,  that  unlike 
other  stretched  membranes,  it  has  no  marked  note  of  its  own.  It 
is  not  thrown  into  vibrations  by  waves  of  a  particular  length  more 
readily  than  by  others.  It  answers  equally  well  within  a  consider- 
able range»  to  vibrations  of  very  different  wave-lengths.  Had  it  a 
fundamental  tone  of  its  own,  we  should  be  distracted  by  the 
promiaence  of  this  note  in  most  of  the  sounds  we  hear. 

The  auditory  ossicles.  The  malleus,  the  handle  of  which 
descending  forwards  and  inwards,  is  attached  to  the  membrana 
tympani  and  the  incus,  whuse  long  process  is  connected  by  n)eans 
of  its  OS  orbiculare  or  leniuujar  process  and  the  stapes  to  the 
fenestra  ovalis,  form  together  a  body  which  rotates  round  an  axis, 
passing  through  the  short  process  of  the  incus,  the  bodies  of  the 
incus  and  malleus,  and  the  ]>ro€es^us  gracilis  of  the  malleuB. 
When  the  malleus  is  carried  inwards,  the  incus  moves  inwards  too, 
and  when  the  malleus  returns  to  its  [Ktsition,  the  incus  returns 
with  it,  the  peculiar  saddle-shaped  joint  with  its  catch  teeth  per- 
miting  this  movement  readily,  but  preventing  Jthe  sta]KS  being 
pulled  back  when  the  membrana  tymp.ini  with  the  malleus  is,  for 
any  reason,  pushed  outwards  more  than  usu.il ;  the  joint  tiicn 
gapes,  so  as  to  permit  the  malleus  to  lie  moved  alone.  V^arious 
ligaments,  the  superior  of  suspensory,  anterior,  and  cfcWLi\\a\^  ^i»aa 
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serve  to  keep  the  malleus  in  place.  The  whale  series  of 
may  be  regarded  as  a  Icv&r,  the  fulcmm  of  which  is 
the  ligamencal  attachment  of  the  short  processus  of  the  i 
the  posterior  wall  of  the  tympanum.  The  long,  malleal 
this  lever  is  about  9^^  mm.,  the  short,  stapedijU,  6^  mm.  in 
hence  the  movements  of  the  stapes  are  less  than  those 
t>  mpanum ;  but  the  loss  in  amplitude  is  made  up  by  a 
force,  which  is  in  itself  an  obvious  advantage- 
Thus  every  movement  of  the  tympanic  membrane  « 
mitted  through  this  chain  of  ossicles  to  the  membrane 
fenestra  ovalis,  and  so  to  the  perilymph  of  the  labj-rint 
vibrations  of  the  tj'mpanic  membrane  are  conveyed  v^ith  in 
intensity,  though  with  diminished  amplitude,  to  the  latter, 
the  bones  thus  move  ^«  masst  has  been  proved  by  record 
movements  in  the  usual  graphic  method,  A  very  ligh 
attached  to  the  incus  or  stapes  is  made  to  write  on  a  trs 
surface ;  when  the  membrana  tjTiipani  is  thrown  into  vih 
by  a  sound,  the  curves  described  by  the  style  indicate  th 
chain  of  bones  moves  with  every  vibration  of  the  tymi 
On  the  other  hand,  the  comparatively  loose  attachments 
several  bones  is  an  obstacle  to  the  molecular  transmisi 
sonorous  vibrations  through  them.  Moreover,  sonorous  vibi 
can  only  be  transmitted  to  or  pass  along  sudi  bodies  as  eith 
very  long  compared  to  the  length  of  the  sound-wavcs,  or,  as 
case  of  membranes  and  strings,  have  one  dimension  very 
smaller  than  the  others.  Now  the  bones  in  questioQ 
especially  thin  in  any  one  dimension,  but  are  in  all 
dimensions  exceedingly  small  compared  with  tJie  length 
vibrations  of  even  the  shrillest  sounds  we  are  capable  of  h 
hence  they  must  be  useless  for  the  molecular  propagal 
vibrations. 

The  tensor  tympani  muscle  even  in  a  quiescent 
of  use  in  preventing  the  membrana  tympani  being  pushed 
When  it  contracts,  it  renders  the  membrana  tympani  more 
and  hence  has  been  supposed  to  act  either  as  a  damper  lesi 
the  amount  of  vibration  of  the  membrane  in  the  case 
powerful  sounds,  or  as  a  sort  of  accommodadon  mechanism  atl 
the  membrane  to  the  sounds  which  fall  upon  it.  Its  activ 
this  direction  is  regulated  by  a  reflex  action.  In  some 
the  muscle  seems  to  be  partly  under  the  dominion  of  th 
since  a  peculiar  crackling  noise  which  these  persons  can  pi 
at  pleasure  appears  to  be  caused  by  a  contraction  of  the 
lympani. 
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Hcnscn*  has  directly  observed  the  action  of  the  tensor  tympani 
in  the  dog  and  cat,  and  finds  that  while  the  mus^rle  is  readily  thrown 
into  cootraction  at  the  commencement  of  every  sound  or  noiiac,  it 
returns  to  rest  and  becomes  relixed  again  during  the  continuance  of  a 
prolonged  note.  He  suggests  that  by  throwing  the  muscle  into  activity 
the  sound  of  a  consonant  mi^y  make  the  membrana  t>'Tnpant  tense  and 
thus  render  it  better  adapted  to  carry  on  the  vibrations  of  the  vowel 
sound  following  the  consonant. 

The  stapedius  muscle  is  supposed  to  regulate  the 
movements  of  the  stapes^  and  especially  to  prevent  its  base  being 
driven  too  far  into  the  fenestra  ovalis  during  large  or  sudden 
movements  of  the  membrana  tympani. 

A  contraction  of  the  stapedius  by  itself  would  have  the  eflfeo't  of 
puUing  the  hinder  end  of  the  base  of  the  stapes  out  of,  and  of  pushing 
the  frunt  end  intoi  the  fenestra  ovalis,  and  this  might  give  rise  to  a 
wave  tn  the  perilymph.  For  spcv^ulations  on  this  and  on  the  reason 
why  the  stapedius  is  governed  by  the  facial  and  the  tensor  tympani  by 
the  fifth  nerve,  see  Budge  *. 

The  so-called  laxaior  tympani  is  considered  ^  to  be  not  a  muscle  at 
all,  but  a  part  of  the  ligamentous  supports  of  the  malleus. 

The  Eustachian  Tube.  This  serves  to  maintain  an  equi- 
librium of  pressure  between  the  external  air  and  that  within  the 
tympanum,  and  to  serve  as  an  exit  for  the  secretions  of  that  cavity. 
Were  the  tympanum  permanently  closed  the  vibmtions  of  the 
membrana  tympani  would  be  injuriously  affected  by  variations  of 
pressure  occurring  either  inside  or  outside. 

The  Eustachian  tube  is  undoubtedly  open  during  swallowing  but  it 
is  still  disputed  whether  it  remains  permanently  opeOj  or  is  opened 
only  at  intervals. 

Audilory  StHsatwru, 

£ach  vibration  communicated  by  the  stapes  to  the  perilymph 
travels  as  a  wave  over  the  vestibule,  the  semi-circular  canals,  ami 
other  parts  of  the  lab>Tinth,  and  is  there  transntitted  to  the  endo- 
lymph ;  it  passes  on  from  the  vestibule  into  the  scala  vestibuli  of 
the  cochlea,  and  descending  the  scala  tympani,  ends  as  an  impulse 
against  tlie  membrane  of  the  fenestra  rotunda.  In  the  maculae 
and  crista:  the  vibrations  of  the  entlolymph  are  supposed  to  throw 
into  correspondmg  vibrations  the  so-called  auditory  hairs,  in  ihc 
cochlea  the  vibrations  of  the  perilymph  arc  supposed  to  throw 
into  vibrations  the  basilar  membrane  with  the  hU|>erimpo«ed  organ 


•  Arrh  /  Anai,  u.  PHyf.,  187S  (Phy*.  AbUu).  p.  31I. 

•  PrtUgcf'*  Archk>  (1874)  tX.  460. 

1  Uelmholt/,  Pfluger's  WiYiit',  i.  (|S6$)  t.     Henle, 
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of  Cor^i,  -insisting  of  the  rods  of  Corti  with  the  inner  and 
hair  CilJs.  The  vibrations  thus  transmilted  to  these  structuri 
ri?«  •/>  nervous  impulses  in  the  terminations  of  the  auditory 
M>d  these  impulses  reaching  certain  parts  of  the  brain 
Tfhat  we  call  auditory  sensations.  We  are  accustomed 
«ur  auditory  sensations  into  those  caused  by  noises 
^used  by  musical  sounds.  It  is  the  characteristic  of  the 
the  vibrations  which  constitute  them  are  periodical ;  they 
and  recur  at  regular  intervals.  When  no  periodicity  is  pica 
the  vibrations,  when  the  repetition  of  the  several  vibrati 
irregular,  or  the  pt- riod  so  complex  as  not  to  be  readily  apprec 
the  sensation  produced  is  that  of  a  noise.  There  is  howe 
ibrupt  line  between  the  two.  Between  a  pure  and  simple  n 
Bound  produced  by  a  series  of  vibrations  each  of  which  has  < 
Ihe  same  wave-length,  and  a  harsh  noise  in  which  no  cons< 
vibrations  may  be  alike,  there  are  numerous  intermediate  stj 

In  both  noi'ses  and  musical  sounds  we  recognise  a  ch 
^'hich  we  call  loudness.  This  is  determined  by  the  amp 
&f  the  vibrations;  the  greater  the  disturbance  of  the  air  (or 
medium)  the  louder  the  sound.  In  a  musical  sound  we 
nise  also  a  character  which  we  call  pitch.  This  is  determin 
ihe  wave-length  of  the  vibrations  ;  the  shorter  the  wav^e-li 
the  larger  the  number  of  consecutive  \ibrations  which  fall 
the  ear  in  a  second,  the  higher  the  pitch.  We  are  able  to 
of  a  whole  series  of  tones  or  musical  sounds  of  different  pitch 
the  lowest  to  the  highest  audible  tone.  And  even  in  many 
we  can,  to  a  certain  extent,  recognise  a  pitch,  indicating  that  ; 
the  multifarious  vibrations  there  is  a  periodicity  with  fixed  int 

Lastly,  we  distinguish  musical  sounds  by  their  quah'ty 
same  note  sounded  on  a  piano  and  on  a  viohn  produce 
different  sensations,  even  when  a  series  of  vibrations  havi 
each  case  the  same  period  of  repetition  is  set  going.  This 
from  the  fact  that  the  musical  sounds  generated  by  most  m 
.instruments  are  not  simple  but  compound  vibrations,  Whe 
note  C  in  the  treble  for  instance  is  struck  on  the  piano, 
pericctly  true  that  a  series  of  vibrations  with  a  period  characti 
of  the  pure  tone  uf  the  treble  C  are  started,  but  it  is  also  true 
those  vibrations  are  accompanied  by  other  vibrations  with  pel 
characteristic  of  the  C  in  the  octave  above,  of  the  G  above 
of  the  C  in  the  next  octave,  and  of  the  E  above  that.  And 
the  eflect  of  all  these  vibrations  together  on  the  ear  which  a 
the  sensation  which  we  associate  with  the  sound  of  the  treb 
on  the  piano.  Almost  all  musical  sounds  are  thus  composes 
what  is  called  a  *  fundamental  tone  '  accompanied  by  a  numb< 
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*  overtones.*  And  the  overtones  varying  in  number  and  relative 
prominence  in  different  instruments,  give  rise  to  a  difference  in 
the  sensation  caused  by  the  whole  lone.  So  tliat  while  the 
fundamental  tone  determines  the  pitch  of  the  sound,  the 
quality  of  the  sound  is  determined  by  the  number  and  relative 
prominence  of  the  overtones.  In  a  similar  way  we  distinguish 
the  quality  of  noises,  such  as  a  banging,  crackling,  or  rustling 
noise,  by  the  predominance  of  vibrations  having  a  less  orderly 
character,  and  recurring  less  regularly  than  those  of  a  musical 
sound 

Since  we  have  a  very  considerable  appreciation,  capable  by 
exercise  of  astonishing  enlargement,  of  the  loudness,  pitch,  and 
quality  of  a  wide  range  of  nuises  and  musicil  sounds,  it  is  clear 
that,  withm  the  limits  of  hearing,  each  vibration  or  scries  of 
vibrations  must  produce  its  effect  on  the  auditory  nerves,  according 
to  the  measure  of  its  intensity  and  period.  Out  of  those  effects, 
out  of  the  sensory  impulses  to  which  the  several  vibrations 
thus  give  rise,  are  generated  our  sensations  of  the  noise  or  of 
the  sound. 

hThe  vibrations  of  a  musical  sound  (and  since  noises  axe  ao 
imperfectly  understood,  we  may,  with  benefit,  chiefly  confine 
ourselves  to  musical  sounds)  as  they  pass  through  the  air  (or 
other  medium)  are  not  discrete  ;  the  vibrations  corresponding  to 
the  fundamental  tone  and  overtones  do  not  travel  as  so  many 
separate  waves ;  they  all  together  form  one  complex  disturbance 
of  the  medium  ;  and  it  is  as  one  comfntsUe  wave  that  the  sound 
falls  on  the  membrana  tympani,  and  passing  through  the  auditory 
L^|^>afatus,  breaks  on  the  tenninations  of  the  auditory  nerve.  And 
rwhen  two  or  more  musical  sounds  are  heard  at  the  same  time, 
the  same  fusion  of  the  waves  occurs.  Since  we  can  distinguish 
several  tones  reaching  our  ear  at  the  same  time,  it  is  clear  that  we 
must  possess  in  our  minds  or  in  our  ears  some  means  of  analysing 
these  composite  waves  of  sound  which  fall  on  our  acoustic  organs, 
and  of  sorting  out  their  constituent  vibrations. 

There  is  at  hand  a  simple  and  easy  physical  method  of 
analysing  composite  sounds.  If  a  person  standing  before  an  open 
piano  sings  out  any  note,  it  will  be  observed  that  a  number  of 
the  strings  of  the  piano  will  be  thrown  into  vibration,  and  on 
examination  it  will  be  found  that  those  strings  which  are  thus  set 
going  correspond  in  pitch  to  the  fundamental  tone  and  to  the 
several  overtones  of  the  note  sung.  The  note  sung  reaches  the 
•trings  as  a  complex  wave,  but  these  strings  are  able  to  analyse 
the  wave  into  its  constituent  vibrations,  each  string  taking  up 
tho*ic  vibrations  and  those  vibrations  only  which  bcUm^  \e>  <w^ 
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tone  given  forth  by  itself  when  struck.     If  \vt  suppose  tH« 

terminal  fibril  of  the  auditory  nerve  is  connected  \^^th  an  cw; 
far  like  a  piano-string  that  it  will  readily  vibrate  in  respons 
series  of  vibrating  impulses  of  a  given  period  and  to  none 
and  that  we  possess  a  number  of  such  terminal  organs  suj 
for  the  analysis  of  all  the  sounds  which  we  can  analyse,  an 
each  tenninal  organ  so  affected  by  particular  vibrations  gives 
a  sensory  impulse  and  thus  to  a  sensation  of  a  distinct  ch 
— if  we  suppose  these  organs  to  exist,  our  appreciation  of 
is  in  a  large  measure  explained.  In  the  organ  of  Corti  ^ 
structures,  the  arrangement  of  which  irresistibly  suggests 
that  these  are  the  organs  we  are  seeking.  We  have  only  to  » 
that  of  the  long  series  of  rods  of  Corti,  varying  regularly  as 
do  from  the  bottom  to  the  top  of  the  spiral,  in  length  aiid 
span  of  their  arch,  each  pair  will  vibrate  in  response  to  a  pai 
tone,  and  the  whole  matter  seems  explained.  But  the  mo 
subject  is  inquired  into,  the  more  complex  and  difficult  it  afi 
and  we  are  obliged  to  conclude  that  the  part  played  by  tbi 
of  Corti  is  only  a  subordinlite  part  of  the  function  of  the 
organ  of  Corti. 

In  the  first  place,  it  is  difEcult  to  sec  how  the  rods  of  Corti, 
they  are  tbroMii  into  vibration,  can  originate  sensory  impulses, 
6ibrih  of  the  auditory  nerve  terminate  in  the  inner  and  outer  hii 
and  it  is  in  these  cells,  and  not  along  the  course  of  the  librils 
pass  under  and  between  the  rods  of  Corti,  that  the  sensory  ii 
must  begin.  In  the  second  place,  the  variation  in  length  of  the 
along  the  series  is  insufBcient  for  the  work  assigned  to  them, 
over,  they  appear  not  to  be  elastic.  Lastly,  they  are  wholly  aht 
birds,  who  very  clearly  can  appreciate  musical  sounds.  This  I 
proves  indubitably  that  the  rods  in  question  arc  not  absolutely  c: 
for  the  recognition  of  tones.  In  the  face  of  these  difficulties  it  h 
suggested  that  the  basilar  membrane,  which  rs  present  in  bin 
which,  being  tense  radially  but  loose  longitudinally, /./•, along  th< 
of  the  cochlea,  may,  as  pfiysical  investigations  shew,  be  considered 
sistin^  of  a  number  of  parallel  radial  strings,  each  capable  of  indep 
vibrations,  is  the  sought-for  organ  of  analysis.  According  to  thi 
a  particular  vibration  reaching  the  scala  tympani  of  the  cochlea 
into  sympathic  vibrations  a  small  portion  of  the  basilar  membra 
vibrations  of  which  in  turn  so  affect  the  structures  overlying 
sensory  impulses  are  generated.  These  sensory  impulses  reach! 
brain  give  rise  to  a  corresponding  sensation  of  a  particular 
According  to  Hensen  the  radial  dimensions  of  the  basilar  mert 
in  man  diminish  downwards  from  '495  mm.  at  the  hamulus  to 
mm.  near  the  bottom  of  the  spiral,  giving  a  much  greater  ran, 
the  rods  of  Corti,  the  difference  in  Icngili  of  which  is  sim 
between  '048  and  085  mm.  for  the  iimcr,  and  between  '019  a 
for  the  ouier,  fibres. 
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The  remarkable  reticular  membniQe  which  has  such  peculiar  rela- 
tions with  the  hair-ceils,  and  through  them  with  the  basilar  membrane, 
must|  one  might  imagme,  have  some  special  function  ;  but  it  is  impos- 
sible to  assign  to  it  any  satisficiory  duty.  The  structural  arrangements 
seem,  if  anylhingf  to  indicate  that  when  a  segment  of  the  btsitar  mem- 
brane is  thrown  into  vibrations,  the  overlying  hair-ct^lls,  reticular 
me  ubrane,  and  rods  of  Corti  vibrate  en  tnasse  together  with  iL  liut 
this  renders  the  whole  matter  still  more  difBcult.  Indeed  the  whole 
■ubject  ts  in  the  highest  degree  obscure,  and  the  most  we  can  say  is 
that  the  organ  of  Corti  as  a  whole  seems  to  be  in  some  way  con- 
nected with  the  appreciation  of  tones,  but  that  at  present  it  is  very 
haiardous  to  attempt  to  explain  how  it  acts,  or  to  assign  pamcular 
funciioDs  to  particular  parts.  The  distinction  between  the  inner  and 
outer  hair-cells  seems  to  be  very  parallel  to  tliat  between  the  rods  and 
the  cones  of  the  retina ;  but  even  this  analogy  may  be  a  fallacious 
one. 

Hen-sen  has  observed  that  among  the  auditory  hairs  of  the  Crustacea, 
some  will  vibrate  to  particular  notes  ;  but  the  auditory  hairs  of  the 
mammal  are  &r  too  much  of  the  same  length  to  permit  the  supposition 
that  they  can  act  as  organs  of  analysis. 

If  the  organ  of  Corti  is  the  means  by  which  we  appreciate  tones,  it 
is  evident  that  by  it  also  we  must  be  able  to  estimate  loudness,  for  the 
quality  of  a  musical  sound  is  dependent  on  the  rebtive  intensity,  as 
well  as  on  the  nature,  of  the  overtones.  And  since  noise  is  at  best  but 
confused  music,  the  cochlea  must  be  a  means  of  appreciating  noises 
as  well  as  sounds*  But  this  would  lenvc  nothmg  wh.itever  fur  the  rest 
ot  the  labyrinth  to  do  as  far  as  the  apprcciat:on  of  sound  is  concerned. 
We  have  no  reason  to  think  that  any  impulse  which  could  £iflcct  the  hair- 
cells  of  the  maculae  and  cristae  could  not  affect  the  hair-cells  of  the 
organ  of  Corti.  That  this  part  of  the  ear  is  however  concerned  in 
he-iring  is  shewn  by  its  being  the  only  auditory  organ  m  the  ichthyo* 
psida,  unless  we  suppose  that  in  the  higher  vertebrates  its  function  has 
been  wholly  transferred  to  the  cochlea.  That  the  semicircular  canals 
have  duties  apirt  from  hearing  we  shall  shew  later  on. 

Concerning  the  function  of  the  other  parts  of  the  internal  car  we 
know  very  little.  The  otoliths  have  been  supposed  to  intensify  the 
vibrations  of  the  endolymph  ;  but  since  apparently  they  are  lodged  in 
a  quantity  of  mucus  it  is  prob  ible  thai  ihcy  really  act  as  dampers.  A 
similar  damping  action  his  been  sug^tsied  for  the  membrane  of  Corti 
{mem^rana  tectorui)  overhan^jing  the  fibres  and  haif-cells  ;  and  some 
writers  have  supposed  that  muscular  fibres  present  in  the  planum 
semilunare  may  by  tightening  the  basilar  membrane  serve  as  a  sort  of 
accommodation  mechanism. 

It  mu.«it  however  be  borne  in  mind  that  even  making  the 
fullest  allowance  for  the  assistance  afforded  \i^  by  the  organ  of 
Corti,  the  appreciation  of  any  sound  is  ultimately  a  mental  act. 
The  analysis  of  the  vibrations  by  the  fibres  of  Com  or  the  basilar 
mecnbrane  is  simply  prcliiiwnary  to  a  synthesis  ol*  the  sensory 
iiDpiilsoi   so  generated  into  a  complex  sensation.     We  ^  XM^aiv 
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receive  a  distinct  series  of  specific  auditoiy  imptilses 
a  specific  sensation  for  every  possible  variation  in  the  wav 
of  sonorous  vibrations  any  more  than  we  receive  a  dtstin 
of  specific  visual  impulses  for  every  possible  wavc-le: 
luminous  vibrations.  In  each  case  we  have  probably  a 
of  primary  sensations,  from  the  various  mingling  of  wh 
different  proportions,  our  varied  complex  sensations 
difference  between  the  eye  and  the  ear  being  that  whci^as 
former  the  number  of  primary  sensations  appears  to  be  lin 
three,  viz.  red,  green,  and  violet;  in  the  latter,  thanks 
organ  of  Corti,  the  number  is  very  large ;  what  the  exact 
is  we  cannot  at  present  tell.  Our  appreciarion  of  a  soui 
bottom  an  appreciation  of  the  combined  etleci  produced 
relative  intensities  to  which  the  primary  auditory  scnsati< 
with  the  help  of  the  organ  of  Corti,  excited  by  the  sound. 

Whatever  be  the  explanation  of  the  naanner  in  whi 
distinct  auditory  sensations  arise,  the  range  and  precision 
appreciation  of  musical  sounds  is  very  great.  Vibrations 
recurrence  below  30  a  second  are  unable  to  produce  a 
of  sound  ;  if  the  waves  are  powerful  enough  we  may  f\ 
but  we  do  not  hear  them  if  the  vibrations  are  simide, 
as  would  give  rise  to  a  pure  tone ;  if  the  fundamental 
accompanied  by  overtones  we  may  hear  these  and  are  thiit 
say  we  hear  the  former  when  in  reality  we  only  hear  the 
The  note  of  the  i6-fect  organ  pipe,  ^^  vibrations  a  secon 
us  the  sensation  of  a  droning  sound.  A  tone  of  40  vibrat 
however  quite  distinct.  In  the  other  direction  it  is  po 
hear  a  note  caused  by  38,000  vibrations  a  second,  thouj 
limit  for  most  persons  is  far  lower,  about  16,000*,  Some 
hear  grave  sounds  more  easily  than  high  ones,  and  r/<y 
This  may  be  so  pronounced  as  to  justify  the  subjects 
spoken  of  as  deaf  to  grave  or  high  tones  respectively. 

The  power  of  distinguishing  one  note  from  another 
is  well  known,  in  different  individuals,  according  as  they^ 
or  have  not  a  '  musical  ear.'  A  well-trained  car  can  disti 
the  difference  of  a  single  or  even  of  a  half  vibration  a  si 
and  thai  through  a  long  range  of  notes,  the  sensation  not  ol 
Weber's  law*.  The  range  of  an  ordinary  appreciation  of 
lies  between  40  and  4000  vibrations  a  second,  i.c  betweo 

*  l^Ielmholtx,  Tonentpfindungcn^  p.  yx  Cf.  Preyer  \Grgn»tn  dtx 
vtahrtuhmuttg^  Physwhg,  Ahkandlungen^  I,  I,  1S76),  who  places  the  gra' 
as  varying  from  15  to  24,  aad  ihe  acute  liniil  from  16,000  to  40,000  yiI: 
per  sec, 

■  Cf»  Preycr,  *»/.  cU.  and  Acustmht  UnitrsucA^t  itfiti»  \u  4  (t879)» 
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lowest  bass  C  (Ci  53  vibrations)  and  the  highest  treble  C  (O  4224 
vibrations)  of  the  piano  j  tones  above  and  below  these,  even 
when  audible,  being  distinguished  from  each  other  with  great 
diflSculty. 

When  the  two  consecutive  sounds  foOow  each  other  at  a 
sufficiently  short  interval  the  sensations  are  fused  into  one.  In 
tliis  respect  auditory  sensations  are  of  shorter  duration  than 
ocular  sensations.  When  ocular  sensations  are  repeated  ten 
times  in  a  second  they  become  fused  (p.  542),  whereas  the  dcks 
of  a  pendulum  beating  100  in  a  second  are  readily  audible  as 
distinct  sounds.  When  two  tunmg-forks  not  quite  in  tune  are 
struck  together  the  interference  of  the  vibrations  gives  rise  to  an 
aliemating  rise  and  fall  of  the  sound,  known  as  '  beats.'  When 
the  beats  follow  each  other  as  rapidly  as  132  in  a  second  they 
cease  to  be  recognised,  that  is  to  say,  the  sensations  which  they 
cause  become  fused.  Just  before  they  disappear  they  give  a 
peculiar  disagreeable  roughness  to  the  sound.  The  pl':iasure  given 
by  musical  sounds  depends  largely  on  the  absence  of  this 
incomplete  fusion  of  sensations. 

Corresponding  to  entoplic  phenomena  there  are  various  €n!otic 
phenomena,  sensations  or  modifications  of  sensations  originating 
in  the  tympanum  or  in  the  labyrinth;  moreover  sensations  of 
sound  may  rise  in  the  auditory  nerve  or  in  th.:  brain  itself,  without 
any  vibration  whatever  falling  on  the  labyrinth. 

Auditory  Judgments, 

In  seeking  for  the  cause  of  our  visual  sensations  we  invariably 
refer  to  the  external  world.  The  sensation  caused  by  a  direct 
&tunulatii>n  of  the  optic  nerve  or  retma  by  a  blow  or  a  galvanic 
current,  we  identify  with  that  caused  by  a  fla>h  of  light.  A 
sensation  arising  from  any  stimulation  of  the  left  side  of  our 
retma  we  re^ird  as  caused  by  some  object  on  the  righthand  side 
of  our  ejcternal  visible  world.  In  a  similar  way,  but  to  a  less 
extent,  we  |jroject  our  auditory  sensations  into  the  world  outside 
us»  and  when  the  auditory  nerve  is  allected  we  seek  the  cause  in 
vibrations  starting  at  a  greater  or  less  distance  from  us.  We  do 
not  thmk  ol  the  sound  as  originating  in  the  ear  itself. 

This  mental  projection  uf  the  sound  is  much  more  complete 

when  the  ear  is  stimulated  by  vibrations  reaching  it  through  the 

\      membrana  tympani  than  when  the  vibrations  are  conducted   by 

the  solids  of  the  head  directly  to  the  penlympli  of  the  labyiinth. 

I      When  the  meatus  externus  is  filled  with  tluid  and  the  vibrations 

I      of  ihc  membrana  tympani  are  in  consequence  interfered  with^  the 
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apparent  outwardness  of  sounds  is  to  a  very  large  eicteet  tail; 

sounds,  however  caused,  seem  under  these  circtJ  r  -to  »m 

in   the  ear.     Hence   it  would   seem  that    our    j  of  tftr 

objcctivcncss   of    sounds    is    largely  dopeiuleni    uu    cuinddai! 
sensations  derived  in  some  way  or  other  from  the  tympanum. 

When  sounds  impinge  on  the  solids  of  the  bead,  as  when  4  ntd 
is  held  between  the  teeth,  the  racmbrana  tytnponi  is  still  functiooAL 
\'ibraiion&  are  conveyed  fTom  the  tcmpond  bone  to  it  and  heoce  ptst 
in  the  usual  way,  in  addition  to  those  transmitted  directly  from  tie 
bone  to  the  perilymph. 

Our  judgment  of  the  distance  of  50un<!s  is  very  limited.  A 
sound  whose  characters  we  know  appears  to  us  near  when  it  ii 
loud,  and  far  off  when  it  is  faint.  A  blindfold  person  will  bt 
unable  to  distinguish  between  the  difference  of  inteosiiy  pr  iu  ^ 
by  a  tuning-fork  bting  held  before  him,  first  with  t>>e  broai.  c  . 
of  the  fork  toward  him  and  then  with  the  narrow  edge,  and  thx 
difference  caused  by  the  removal  of  the  tuning-fork  to  a  distaoct. 
We  can  on  the  whole  better  appreciate  the  distance  of  noises  llua 
of  musical  sounds. 

Our  judgment  of  the  direction  of  sounds  is  also  \aj 
limited.  Our  chief  aid  in  this  is  the  position  in  which  we  laK 
to  place  the  head  in  onier  that  we  may  hear  the  sound  to  tbe 
best  advantage.  If  a  tuning-fork  be  held  in  the  medijin  vertiaJ 
plane  over  the  head,  though  it  is  easy  to  recognize  it  as  being  in 
the  median  plane,  it  becomes  very  difficult  when  the  eyes  are  shut 
to  say  what  is  its  position  in  that  plane,  i>.  whether  it  b  more 
towards  the  front  or  back  of  the  head*  In  this  respect,  loo^  out 
appreciation  is  more  accurate  in  the  case  of  noises  than  fd 
musical  sounds,  with  the  exception  of  those  given  out  by  the 
human  voice,  the  direction  of  which  can  judged  better  than  evci 
that  of  a  noise. 


Sec  2.    Smell. 

Odorous  panicles  present  in  the  inspired  air  passing  thrrmgV 
the  lower  nasal  chambers  diftuse  into  the  upper  nasal  ch 
anti  falling  on  the  olfactory  epilhehura  produce  sensory  iu 
which,  ascending  to  the  brain,  give  rise  to  sensations  of  smcii 
We  may  presume  that  the  sensory  impulses  are  originated  by  \hc 
contact  of  the  odorous  particles  wiih  the  peculiar  rotl-shaped 
olfactory  cells  described  by  Max  Schultze ;  but  wc  are  as  mod* 
in  the  dark  about  this  matter  as  about  the  development  of  vtsifl 
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sensory  impulses  in  the  rods  and  cones  or  of  auditory  sensory 
impulses  in  the  organ  of  Corti. 

The  subsidiary  apparatus  of  smell  is  exceedingly  meagre.  By 
the  forced  nasal  inspiration,  called  sniffing,  we  draw  air  so  forcibly 
through  the  nostrils  that  currents  pass  up  into  the  upper  as  well  as 
the  lower  nasal  chambers ;  and  thus  a  more  complete  contact  of 
the  odorous  particles  with  the  olfactory  membrane  than  that 
supplied  by  mere  diffusion  is  provided  for. 

We  have  every  reason  to  think  that  any  stimulus  applied  to 
the  olfactury  nerve  will  produce  the  sensation  of  smell ;  but  the 
proof  of  this  is  not  so  clear  as  in  the  case  of  the  optic  and 
auditory  ner\'es.  We  are,  however,  subject  to  sensations  of  smell 
not  caused  by  objective  odours.  The  olfactory  membrane  is  the 
only  part  of  the  body  in  which  odours  as  such  can  give  rise  to  any 
sensations  ;  and  the  sensations  to  which  they  give  rise  are  always 
those  of  smell.  The  mucous  membrane  of  the  nose  is  however 
also  an  instrument  for  the  development  of  afferent  impulses 
other  than  the  specific  olfactory  ones.  Chemical  stimulation  of 
the  olfactory  raembnme  by  pungent  substances  such  as  ammonia 
gives  rise  to  a  sensation  distmct  from  that  of  smell,  a  sensation 
which  affords  us  no  information  concerning  the  chemical  nature  of 
the  stimulus,  and  which  is  indistinguishable  from  the  sensations 
ptfiduccd  by  chemical  stimulation  of  other  parts  of  the  nasal 
membrane  as  well  as  of  other  surfaces  equally  sensitive  to  chemical 
action.  It  is  probable  that  these  two  kinds  of  sensations  thus 
arising  in  the  olfactory  membrane  arc  conveyed  by  different  nerves, 
the  former  by  the  olfactory',  the  latter  by  the  fifth  nerve. 

For  the  development  of  smell  it  appears  necessary  that  the 
odorous  particles  should  be  conveyed  to  the  nasal  membrane  in 
a  gaseous  medium,  or  at  least  that  the  surface  of  the  membrane 
should  not  be  exposed  at  the  same  time  to  the  action  of  fluids. 
Thus  when  the  ncKStril  is  filled  with  rose-water,  the  odour  of  roses 
IS  not  perceived ;  and  simply  filling  the  nostrils  with  distilled 
water  sus[>ends  for  a  time  all  smell,  the  sense  returning  gradually 
after  the  water  lias  been  removed  ;  the  water  apparently  acts 
injuriously  on  the  delicate  olfactory  cells. 

Each  substance  that  we  smell  causes  a  specific  scnsarion,  and 
wc  aic  not  only  able  to  recogni/e  a  multitude  of  distinct  odours, 
but  also  to  distinguish  individual  odours  in  a  mixed  smell. 

As  in  the  previous  senses,  we  project  our  sensation  into  the 
external  world ;  the  smell  appears  to  be  not  in  our  nose,  but  some- 
where outside  us.  We  can  judge  of  the  position  of  tlie  odour 
however  even  less  definitely  than  we  can  of  that  of  a  sound. 

The  sensation  ukes  some  time  to  develope  after  ih^  cohNakX  ciiV 
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the  stimulus  with  the  olfactory  membrane^  and  may  last  vi 
When  the  stimulus  is  repeated  the  sensation  very  soon  di 
the  sensory  terminal  organs  speedily  become  exhausted. 
associations  cluster  more  strongly  round  sensations  of  s 
round  any  otlier  impressions  ^ve  receive  from  withouL  Aij 
effects  are  very  frequent,  many  people  fainting  in  conseqi 
the  contact  of  a  few  odorous  panicles  with  their  olfactory 

Apparently  the  larger  the  surface  the  raore  intense  th( 
tion  ;  animals  with  acute  scent  having  a  proportionately  loi 
of  olfactory  membrane.  The  quantity  of  material  reqi 
produce  an  olfactory  sensation  raay  be,  as  in  the  case  c 
almost  immeasurably  small. 

When  two  different  odours  are  presented   to   the   two 
an  oscillation  of  sensation  similar  to  that  spoken  of  in  bi 
vision  (p.  571)  takes  place. 

The  assertion  that  the  olfactory  nerve  is  the  nerve  of  : 
been  disputed.  Cases  have  been  recorded'  of  persons  who 
ta  have  possessed  the  sense  of  smell,  and  yet  in  whom  the 
lobes  were  found  after  death  to  be  absent.  Majcndie  assert 
animals  could  still  smell  after  the  removal  of  the  olfactory  lob 
the  stimulus  which  he  applied  was  ammonia,  in  no  way  a  test 
Biffi,  operating  on  blind  puppies,  caroe  to  ihe  conclusion  that  ti 
disappeared  after  destruction  of  the  olfaaory  lobes,  and  Prev 
found  that  in  dogs  smell  disappeared  after  section  of  the 
nerves.  On  the  other  hand,  it  is  stated  that  section  or  injury 
fifth  nerve  causes  a  loss  of  smell  though  the  olfactory  nerve 
intact;  but  in  these  cases  it  has  not  been  shewn  that  the  i 
membrane  remains  intact,  and  it  is  quite  possible  that,  as  in 
of  the  eye^  changes  may  take  place  in  the  nasai  membrane  as  th 
of  injury  to  the  fifth  nerve,  sufficient  to  prevent  its  performing 
functions. 

Sec.  3.     Taste. 

The  word  taste  is  frequently  used  when  the  word   siii< 
to  be  employed.     We  speak  of  *  tasting'  odoriferous    sul 
such  as  an  onion,  wines,  &c.,  when  m  reality  we  only  sm< 
as  we  hold  them  in  our  mouth  ;  this  is  proved  by  the  fact 
so-called  taste  of  these  things  is  lost  when  the  nose  is  held, 
nasai  membrane  rendered  inert  by  a  catarrh. 

The  terminal  organs  of  the  sense  of  taste  thus  more  stri^ 
fined,  are  the  endings  of  the  glossopharyngeal  and  lingual 
in  the  mucous  membrane  of  the  tongue  and  palate,  thoiie 

•  Bernard,  Cl„  Syr/.  jWr?-.,  n.  p,  228, 

»  AnAivet  d.  Set,  Phyi,  a  Nat.^  1871,  p,  J09. 
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serving  as  the  special  nerves  of  taste.  Tlie  subsidiary  apparatus 
IS  confined  to  the  tongue  ajid  lips,  which  by  their  niovenients 
assist  in  brnging  the  sapid  substances  into  contact  with  the  mucous 
membrajie  of  the  mouth. 

The  so-catled  gustatory  buds  cannot  be  regarded  as  specific  organs 
of  tastej  since  they  occur  in  places  (<f.j^.  epiglottis)  wholly  devoid  of 
uste« 

Though  we  can  hardly  be  said  to  project  our  sensation  of  taste 
Into  the  external  world,  we  assign  to  it  no  subjective  localisation. 
When  we  place  quinine  in  our  mouth,  the  resulting  sensation  of 
tiste  gives  us  no  information  as  to  where  the  quinine  is,  though 
wc  may  learn  that  by  concomitant  general  sensations  arising  in  the 
buccal  mucous  membrane. 

We  recognise  a  multitude  of  distinct  tastes,  which  may  be 
broadly  classified  into  acid,  saline,  bitter  and  sweet  tastes.  Sapid 
substances  have  the  power  of  producing  these  sensations  by 
virtTie  of  their  chemical  nature.  But  other  stimuli  will  also  give 
rise  to  sensations  of  taste.  When  the  tongue  is  tapped,  a  taste 
is  felt ;  and  when  a  constant  current  is  passed  through  the  mouth, 
an  alkaline  or,  according  to  Vintschgau ',  a  bitter  metallic  taste 
is  developed  when  the  anode,  and  an  acid  taste  when  the 
kathode,  is  placed  on  the  tongue.  It  is  probable  that  in  these 
cases  the  terminal  organs  are  indirectly  affected  by  the  current. 
When  hot  or  pungent  substances  are  introduced  into  the  mouth, 
sensations  of  general  feeling  are  excited,  wlach  obscure  any 
strictly  gustatory  sensations  which  may  be  present  at  the  same 
time. 

Though  analogy  would  lead  us  to  suppose  that  a  stimulus 
ai»plied  to  any  part  of  the  course  of  the  real  gustatory  fibres  of 
cither  the  glossopharyngeal  or  lingual  nerves,  would  ^ve  rise  to  a 
sensation  of  taste  and  nothing  eUe,  the  proof  is  not  forthcoming ; 
since  both  these  nerves  are  mixed  nerves  containing  other  afferent 
fibres  as  well  as  those  of  taste. 

When  the  constant  current  is  used  as  a  means  of  exciting  taste, 
gustatory  sensations  are  found  to  be  developed  in  the  back,  edges 
and  tip  of  the  tongue,  the  soft  palate,  the  anterior  pillar  of  the 
Sauces,  and  a  small  tract  of  the  posterior  part  of  the  hard  palate. 
They  are  absent  from  the  anterior  and  middle  dorsum,  and  under 
surface  of  the  tongue,  the  front  portion  of  the  hard  palate,  the 
posterior  pillars  of  the  fauces,  the  gums  and  the  lips.  Sapid  sub- 
stances arc  unsuitable  as  a  test  for  this  purpose,  on  account  of 
their  rapid  diffusion.  Bitter  substances  produce  most  effect  when 
•  Pfluger's  Artkw^  XX.  (1879)  p,  81. 
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placed  on  the  back  of,  and  sweet  substances  when  pUce< 
tip  of  the  tongue ;  but  the  tasting  power  of  the  tip  of  th 
varies  very  much  in  difi"erent  individuals  and  in  many  seen 
entirely  absent '.  It  is  said  that  acids  are  best  appreciates 
edge  of  the  tongue. 

It  is  essential  for  the  development  of  taste,  that  the  s 
to  be  tasted  should  be  dissolved ;  and  the  eiiect  is  incr< 
friction.  The  larger  the  surface  the  more  intense  the  a 
The  sensation  takes  some  time  to  develope,  and  endure 
long  tinw^  though  this  may  be  in  fact  due  to  the  stinjulus 
ing  in  contiict  with  the  terminal  organs.  A  temperature  ( 
40 '  is  the  one  most  favourable  for  the  production  of  the  s< 
At  temperatures  much  above  or  below  this,  taste  is  much  ii 
The  nerves  of  taste  are,  as  we  have  said,  the  glossaph 
and  the  lingual  or  gustatory.  The  fom>er  supplies  the 
the  tongue,  and  section  of  it  destroys  taste  in  that  regtoi 
latter  is  distributed  to  the  front  of  the  tongue,  and  secti 
similarly  deprives  the  tii>  uf  the  tongue  of  taste.  Thei 
reason  for  doubling  that  the  gustatory  fibres  in  the  glosso 
gcal  are  proper  fibres  of  that  nerve;  but  it  has  been  u| 
niiiny,  that  the  gustatory  fibres  of  the  lingual  are  derived  (k 
chorda  tympani,  anti  tliat  those  fibres  of  the  lingual  whic 
from  the  tildi  are  employed  exclusively  in  the  sensations  a 
and  feeling. 

The  arguments  in  favour  of  this  latter  view  arc  as  follows. 
have  been  observed  in  which  the  fifth  nen^e  has  been  destroye 
cranium,  and  yet  taste  in  the  front  of  the  tongue  has  not 
Cases  have  been  observed  where  the  chorda  t>Tnpani  has 
or  injured  in  the  tympanum,  and  where  taste  has  been  im 
asserted  that  when  the  Ungual  is  divided  above  the  jun 
chorda,  taste  in  the  front  of  the  tongue  is  not  lost,  while  it  di^ 
after  section  of  the  united  lingual  and  chorda.  It  is  also  stated 
glossopharyngeal  having  been  divided,  and  taste  in  conscqucni 
lined  to  the  front  part  of  the  tongue,  subsequent  section  of  the 
within  the  tympanum  has  removed  taste  altogether.  On  the  othe 
cases  have  been  observed  where  the  fifth  was  alone  diseased  t 
tabte  was  lost  (in  the  front  of  the  tongue) ;  and  it  is  moreove 
that  while  stimulation  of  the  central  end  of  a  divided  chorda  gi^ 
to  no  sensation  of  taste,  stimulation  of  an  undivided  chorda  mig 
rise  to  such  sensations  by  simply  promoting  a  flow  of  saliva,  a 
divi-ion  of  the  chorda  might  affect  taste  by  interfering  wiih  the 
flow  of  saUva.  And  even  if  the  chorda  contain  gristatory  fibrei 
might  have  their  ultimate  origin  in  the  fifth,  coming  from  thai 
to  the  racial  by  the  spheoo-palattne  ganglion  and  superficiaJ  p 
nerve. 

'  Cf.  Viul^bgau,  Pfliiger's  AftAiv,  KJ3L  C1879)  p.  J561,. 
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Sec  1.    General  Sensibiutv  and  Tactile  Perceptioks. 

We  have  taken  the  foregoing  senses  first  in  the  order  of  discussion 
on  account  of  their  being  eminently  specific  The  eye  gives  us 
only  visual  sensations,  the  ear  only  auditory  sensations.  The 
sensations  are  produced  in  each  case  by  specific  stirayli ;  the  eye 
is  only  affected  by  light  and  the  car  by  sound.  Moreover,  the 
information  they  afford  us  is  confined  to  the  external  world ;  they 
tell  us  nothing  about  ourselves.  The  various  visual  sensations 
which  arise  in  our  retina  are  referred  by  us  not  to  the  retina  itself, 
but  to  some  real  or  imaginary  object  in  the  world  without  (in* 
eluding  as  part  of  the  external  world  such  portions  of  our 
own  bodies  as  are  visible  to  ourselves).  Such  also  with  diminish- 
ing precision  is  the  information  gained  by  hearing,  taste  and 
smell. 

All  the  other  afferent  nerves  of  the  body,  centripetal  im- 
pulses along  which  are  able  to  affect  our  consciousness,  arc  the 
means  of  conveying  to  us  information  concerning  ourselves. 
The  sensations,  arising  in  them  from  the  action  of  various 
stimuli,  arc  referred  by  us  to  appropriate  parts  of  our  own  body. 
When  any  body  comes  in  contact  with  our  finger,  we  know 
that  it  is  our  finger  which  has  been  touched ;  frum  the  resul- 
tant sensation  we  not  only  learn  the  existence  of  certain  qualities 
in  the  object  touched,  but  we  also  arc  led  to  connect  the 
cognizance  of  those  qualities  with  a  particular  |>art  of  our  own 
body. 

Like  tlie  more  specific  senses  pro'iously  studied,  the  sensa- 
tions of  which  we  are  now  speaking,  and  which  may  be  referred 
to  under  the  name  of  touch,  using  that  word  for  the  present  in  a 
wide  meaning,  require  for  their  production  terminal  c:k\^^&xi^\  ^«s\^ 
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the  chief  but  not  exclusive  organ  of  touch  is  to  be  foun 
epidermis  of  ihe  skin  and  certain  underlying  nervous  si 
For  the  development  of  specific  tactile  sensations  these 
organs  arc  as  essential  as  are  the  terminal  organs  of  th 
sight  or  of  the  ear  for  hearing.  Contact  of  the  skin  wit 
or  with  a  hot  body  gives  rise  to  a  distinct  sensation,  wh 
recognize  that  we  have  touched  a  hard  or  a  hot  body, 
application  of  either  body  or  of  any  other  stimulus  to 
trunk  gives  rhe  to  a  sensation  of  general  Jeeling  only,  co^ 
ing  to  the  simple  sensation  of  hght  which  is  produced 
stimulation  of  the  optic  nerve.  We  have  no  more  Arz/ii 
tion  of  a  body  which  is  in  contact  with  a  nerve-trunk 
could  have  visual  perception  of  any  luminous  object, 
proceeding  from  which  were  strong  enough  to  exciM 
impulses  when  directed  on  to  the  optic  nerv^e  instead 
the  retina,  supposing  such  a  thing  to  be  possible*  It 
characteristic  of  these  ordinary  neri'es  of  general  feeJ 
the  sensations  caused  by  any  stimulation  of  them  b< 
certain  degree  develope  that  state  of  consciousness  whic 
in  the  habit  of  speaking  of  as  'pain.'  Putting  aside  th 
tccling  which  many  parts  of  the  eye  possess,  a  vei 
luminous  stimulation  of  the  retina  is  required  to  pi 
sensation  of  pain»  if  indeed  it  can  be  at  all  broug^h 
whereas  a  very  moderate  stimulation  of  the  skin,  an 
every  stimulation  of  an  ordinary  nerve-tnink,  is  said  1 
be  painful 

I'hough  the  skin   is   the  chief  organ  of   touch,    the 
membrane  lining  the  various  passages  of  the  body  also 
an  instrument  for  the  same  sense,  but  only  for  a  short 
from    the   respective  orifices.      We   can  recognise    haid 
bodies   with   our  lips  or  mouth,   but  a  hot  liquid    uh« 
reached  the  oesophagus  or  stomach,  simply  gives  rise  lo 
lion    of    pain :    we    cannot    distinguish    the    sensation 
by  it  from  the  sensation   caused   by  a  draught    of    a 
fluid 

The  stimuli  which,  when  applied  to  the  skin,   give 
tactile  perceptions  are  of  two  kinds  only  :  (i)  mechanicaL 
the  contact  of  bodies  with  varying  degrees  of  pressure  • 
therm ai,  i,e,  the  raising  or  lowcung  of  the  temperature  of 
by  the  approach  or  contact  of  hot  or  cold  bodies.      We 
of  the  weight  and  of  the  temperature  of  a  body,  because 
through   touch,  perceive  how   much  it  presses  when  aJJ< 
rest  on  our  skin  or  how  hot  it  is.     But  we  can   throug 
derive  no  other  perceptions  and  form  no  other  judgrnen 
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ic  shock  sent  through  the  skin  wiU  give  rise  to  a  sensation, 

It  the  sensation  is  an  indefinite  one,  because  the  electric  current 

ts  not  on  the  terminal  organs  of  touch,  but  on  the  6ne  nerve- 

tnchcs  of  the  skin.     We  cannot  distinguish  the  sensation  so 

msed  from  a  mechanical  prick  of  similar  intensity,  we  cannot 

»rceive   that   the   sensation   is  caused   by  an   electric  current 

^iiarly  certain  chemical  substances  such  as  a  strong  acid  will 

ive  rise  to  a  sensation,  but  we  cannot  perceive  the  acid,  we  can 

MTU  no  judgment  of  its  nature  such  as  we  could  if  we  tasted  it ; 

id  if  the  acid  does  not  permeate  the  skin  so  as  to  act  directly 

id  chemically  on  the  fine  nerve- fibres,  we  cannot  distinguish  the 

'ill  from  any  other  liquid  giving  rise  to  the  same  simple  contact 

ipressions.    The  terminal  organs  of  the  skin  arc  such  as  are  only 

fected  by  pressure  or  by  temperature.     Conversely  pressure  or  a 

riation  in  temperature  brought  to  bear  on  a  nerve  trunk,  instead 

on  the  terminal  organs,  produces  no  specific  tactile  sensations 

pressure   or   temperature,  but  merely   general   sensations  of 

iliog  rapidly  rising  mto  pain. 


Sec*  2.    Tactile  Sensations. 
Sensatims  of  Pressure^ 

As  with  visual,  so  with  tactile  and  indeed  with  all  other  sensj^ 
tions,  the  intensity  uf  the  sensation  maintains  that  general  rela- 
tion  to  the  intensity  of  the  stimulus  which  we  spoke  of  at  p.  541 
as  being  formulated  under  Weber's  law.  We  can  distinguish  the 
difference  of  pressure  between  one  and  two  grammes  as  readily  as 
we  can  that  between  ten  and  twenty  or  one  hundred  and  two 
hundred* 

When  two  sensations  follow  each  other  in  the  same  spot  at  a 
sufficiently  short  interval  they  arc  fused  into  one ;  thus,  if  the 
finger  be  brought  to  bear  lightly  on  a  rotating  card  having  a  scries 
of  holes  in  it,  the  holes  cease  to  be  felt  as  such  when  they  follow 
each  other  at  a  rapidity  of  about  1500  in  a  second.  The  vibra- 
tions of  a  cord  cease  to  be  appreciable  by  touch  whjn  they  reach 
the  same  rapidity.  When  sensations  are  generated  at  points  of 
the  skin  too  close  together,  they  become  fused  into  one ;  but  lo 
this  point  we  shall  return  presently*     - 

The  sensation  caused  by  pressure  is  at  its  maximum  soon  after 
its  beginning,  and  thenceforward  diminishes.  The  more  suddenly 
the  pressure  is  increased,  the  greater  the  sensation ;  and  if  the 
increase  be  sufficiently  gradual,  even  very  great  pressure  may  be 
applied  without  giving  rise  to  any  sensation.     A  sensation  in  any 
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spot  is  increased  by  contrast  with  surrounding  areas 
to   pressure.     Thus   if    the  finger  be    dipped    into 
pressure  will  be  felt  most  at  the  suriace  of  the  fluid  j 
finger  be  drawn  up  and  down,  the  sensation  caused  will 
of  a  ring  moving  along  the  finger. 

All  parts  of  the  skin  are  not  equally  sensitive  ca  pi 
small  differences  of  simple  pressure  are  more  readdj  ^]>p 
when  brought  to  bear  on  the  palmar  surface  of  the  fingei 
the  forehead,  than  on  the  ami  or  on  the  sole  of  the  fa 
making  these  determinations  all  muscular  movement  sh<l 
avoided  in  order  to  eliminate  tlie  muscular  sense  of  iH 
shall  speak  presendy;  and  the  area  stimulated  should 
small  and  the  surfaces  in  contact  as  unitorm  as 
a  similar  manner  small  consecutive  variations  of  pi 
counting  a  pulse,  are  more  readily  appreciated  by 
the  skin  than  by  others  ;  and  the  minimum  of  pressure 
be  fek  differs  in  different  parts.  In  all  cases  variations  of 
are  more  easily  distinguished  when  they  are  successive 
they  are  simultaneous. 

Sensaiims  of  Temjfirature. 

When  the  temperature  of  the  skin  is  raised  or  lowered 
spot  we  receive  sensations  of  heat  and  cold  respecHvcly ; 
these  sensations  of  the  temperature  of  our  own  skin 
judgments  of  ih^  temperature  of  bodies  in  contact 
Bodies  of  exactly  the  same  temperature  as  the  region  of  tl 
to  which  ihey  are  applied  produce  no  such  iherroal  sen 
though  we  can,  from  the  very  absence  of  sensations,  form 
meni  as  to  their  temperature  j  and  good  conductors  of  heat 
respectively  hotter  and  colder  than  bad  conductors  raised 
same  temperature. 

We  may  consider  the  sskin  as  having  at  any  given  time  and 
given  spot  a  normal  temperature  at  which  the  sensation  of  temp 
is  at  zero  ;  for  under  ordinary  circumstances  we  are  not  ( 
conscious  of  the  temperature  of  our  skin  ;  it  is  only  when  the 
temperature  at  the  spot  is  raised  or  lowered  that  wc  have  a  sc 
of  heat  or  cokl  respectively.  This  normal  temperature  may  be 
same  time  different  in  different  parts  of  the  body;  thus  at  u  tim 
neither  the  forehead  nor  the  hand  are  giving  rise  to  any  scnsa 
temperature,  we  may,  by  putting  t!xe  hand  to  the  forehead,  frc< 
feel  the  former  hot  or  colcl  because  the  normal  temperatures  of  t 
parts  differ.  The  nomial  temperature  in  any  spot  may  also  var 
time  to  time.  Thus  when  the  hand  is  placed  in  a  warm  medi 
soniie  time,  the  sensation  of  warmth  ceases  ;  a  new  npmial  tetl 
ture  is  established  with   the  lero  of  sensation  at   a  higher 
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iression  or  elevation  of  this  new  temperature  giving  rise  however 
fore  to  sensatioiifi  of  heat  and  cold  respectively.     That  it  is  the 

mged  condition,  and  not  the  chiLnge  itself,  of  which  we  arc 
conscious  is -shewn  by  the  fact  that  when  a  portion  of  skin  is  cooled, 
by  brief  contact  with  a  coJd  metal  for  instance,  we  are  still  conscious 
of  the  spot  being  cold  after  the  cooling  agent  has  been  removed,  that 
is  at  a  time  when  the  cooled  spot  is  in  reality  being  heated  by  the 
surrounding  warmer  tissues'. 

The  change  in  temperature  of  the  skin  necessary  to  produce  a 
sensation  must  have  a  certain  rapidity  ;  and  the  more  gradual  the 
change  the  less  intense  the  sensation.  The  repeated  dipping  of 
the  hand  into  hot  water  produces  a  greater  sensation  than  when 
the  hand  is  allowed  to  remain  all  the  time  in  the  water,  ibough  in 
the  latter  case  the  temperature  of  the  skin  is  most  affected.  The 
same  effect  of  contra&t  is  seen  in  these  sensations  as  in  those  of 
pressure. 

We  can  with  some  accuracy  distinguish  variatiorjs  of  temper- 
ature, especially  those  lying  near  the  normal  temperature  of  the 
skin.  These  sensations,  in  fact,  follow  Weber*s  law,  though 
apparently  sensations  of  slight  cold  are  more  vivid  than  those  of 
slight  heat,  the  range  of  most  accurate  sensatit^  seeming  to  lie 
between  27°  and  33°  The  regions  of  the  skin  most  senhiiive  10 
variations  in  temperature  arc  not  identical  with  those  most  sensitive 
to  variations  in  pressure.  Thus  the  cheeks,  eyelids,  temples  and 
lips,  arc  more  sensitive  than  the  hands.  The  least  sensitive  parts 
arc  the  legs,  and  front  and  back  of  the  trunk. 

The  simplest  view  which  can  be  taken  with  regard  to  the  distinc- 
tion between  pressure  and  tenipcrature  sensations  is  to  suppose  that 
two  distinct  kinds  of  terminal  organs  exist  in  the  s*  in,  one  of  which  is 
affected  only  by  pressure,  and  die  other  only  by  variations  in  tempera- 
ture ;  and  that  the  two  kinds  of  peripheral  organs  arc  connected  with 
different  parts  of  the  central  scn-»ory  organs  by  separate  nerve-fibres. 
Certain  pathological  cases  have  been  quoted*  as  shewing  not  only  that 
this  is  the  case,  but  that  the  two  sets  of  fibres  pursue  different  courses 
in  the  spinal  cord.  Thus  In  certain  diseases  or  injuries  to  the  bratn  or 
spinal  cord,  hypcrtesthcsia  as  regards  temperature  has  been  observed 
unaccompanied  by  an  augmentation  of  sensitiveness  to  pressure  ;  and 
conversely  instances  have  been  seen  where  the  patient  could  tell  when 
he  was  touched,  but  could  not  distinguish  between  hot  and  cold. 
Against  this  view  it  might  be  urged  that  these  pathological  cases  have 
not  received  the  critical  examination  which  they  demand  ;  and  that 
there  are  facts  which  shew  a  close  dependence  between  the  sensations  of 
pressure  and  temperature.     When  each  stimulus  is  brought  to  bear  on 


»  Hering,  W7«.  SiituH^htnckt^  LXXV.  (1877). 
■  Brown-S^uard,  JtHtm,  d^  Phys.,   1863,  Vol, 
1868,  Vol,  I, 
F.  P 
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a  very  limited  area,  ihc  two  sensations  are  IrequentJy 
Weber  has  pointed  out  that  cold  bodies  feel  heavier  than  h 
the  same  weight  No  case  has  yet  been  recorde-d  where 
a  cold  body,  and  a  body  of  the  temperature  of  the  skiit,  ail 
alike,  when  each  was  applied  with  the  same  pressure  ;  an( 
where  a  hot  sponge  or  spoon  was  felt  (t>e<:ause  it  wras  hoc}. 
sensation  was  confounded  with  one  of  pressure,  indicate  tlu 
terminal  organs  are  affected  by  both  stimuli. 

With  regard  to  the  nature  of  the  terminal  origans 
it  may  be  stated  that  the  wrpuscula  tortus  were  re^ardi 
discoverers  as  specific  organs  of  touch.     The  end-bulbs- 
have  also  been  regarded  in  the  same  light.      But  the  c 
possess  concerning  this  matter  is  at  present  inconclusiv 

Sec  3.    Tactile  Perceptions  and  JtrocM 

When  a  body  presses  on  any  spot  of  our  skin,  or  wh 
perature  of  the  skin  at^that  spot  is  raised,  we  are  not  only 
of  pressure  or  of  heat,  but  perceive  that  a  particular 
body  has  been  touched  or  heated.  We  refer  the  sensaU- 
place  of  origin,  and  we  thus  by  touch  perceive  the  i 
ourselves  of  the  body  which  gives  rise  to  the  tactile  se: 
the  same  way  as  in  our  visual  perception  of  external 
refer  to  external  nature  the  sensations  originating  in 
of  the  retina.  When  we  are  touched  on  the  finger 
back  we  refer  the  sensations  to  the  finger  and  to  the  bai 
tively,  and  when  we  are  touched  at  two  places  on  the 
at  the  same  time  we  refer  the  sensations  to  two  points  of 
In  this  way  we  can  localise  our  sensations,  and  are  thy 
in  perceiving  the  space  relations  of  objects  with  which  n 
contact 

This  power  of  localising  pressure-sensations  varies  i 
parts  of  the  body.  The  following  table  from  Weber 
distance  at  which  two  points  of  a  pair  of  compasses  muj 
apart,  so  that  when  the  tm'o  points  are  in  contact  with 
the  two  consequent  sensations  can  be  localised  with 
accuracy  to  be  referred  to  two  points  of  the  body, 
confounded  together  as  one. 


Tip  of  tongue    ...         ... 1*1 

Palm  of  last  phalanx  of  finger 2*2 

Palm  of  second 4-4 

Tip  of  nose        ...         ...         ,,.         ...  6*6 

White  part  of  lips        ...         ...         .„  8'8 

Back  of  second  phalanx  of  finger       ...  ? I'l 
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Skin  over  malar  bone 
Back  of  hand    ... 

Forearm 

Stemum 

Back       


»54 
298 

39 '6 
440 
660 


mm. 


md  a  very  simitar  distribution  has  been  observ^ed  in  reference 

the  localisation  of  sensations  of  temperahire.      As  a  general 

lie  it  may  be  said  that  the  more  mobile  parts  are  those  by  which 

re  can  thus  discriniinate  sensations  most  readily.     The  lighter  ihe 

iure  used  to  give  rise  to  the  sensations,  the  more  easily  are 

ro  sensations  distinguished  j  thus  two  points  which,  when  touch- 

ig  Ughtly,  appear  as  two,  may,  when  firmly  pressed,  give  rise  to 

me  sensation  only.     The  distinction  between  the  sensations  is 

obscured  by  neighbouring  sensations  arismg  at  the  same   time. 

Thus  two  points  brought  to  bear  within  a  ring  of  heavy  metal 

pressing  on  the  skin,  are  readily  confused  into  one.     And  it  need 

hardly   be   said   that    these   tactile   perceptions,    like    all    other 

perceptions,  are  immensely  increased  by  being  exercised. 

Our  'field  of  touch/  if  we  may  be  allowed  the  expression,  is  com- 
posed of  ta.tile  areas  or  units,  in  the  same  way  that  our  held  of  vision 
li  composed  of  visual  areas  or  units.  The  tactile  !>ens!ition  is,  like  the 
visual  sensation^  a  symbol  to  us  of  some  external  event,  and  wc  refer 
the  sensation  to  its  appropriate  place  in  the  field  of  touch.  AH  that 
has  been  said  (p.  543)  concerning  the  subjective  nature  of  the  limits  of 
visual  areas,  applies  equally  well,  muiatij  mutandis^  to  tactile  arms. 
When  two  points  of  the  compasses  are  felt  as  two  distmct  sensations, 
it  is  not  necessary  that  two  and  only  two  nerve-fibres  should  be 
stimulated  ;  all  that  is  necessary  is  that  the  two  cerebral  sensation* 
axeas  should  not  be  too  completely  fused  together.  The  improvement 
by  exercise  of  the  sense  of  touch  must  be  explained  not  by  an  increased 
development  of  the  terminal  organs,  not  by  a  growth  of  new  nerve* 
fibres  m  the  skin,  but  by  a  more  exact  hmitation  of  the  sensational 
areas  in  the  brain,  by  the  development  of  a  resistance  which 
limits  the  radiation  taking  place  from  the  centres  of  the  several 


By  a  multitude  of  simultaneous  and  consecutive  tactile  sensa^ 
tions  thus  converted  into  perceptions  we  arc  able  to  make 
ourselves  acquainted  with  the  forra  of  external  objects.  Wc  ran 
tell  by  variations  of  pressure  whether  a  surface  is  rough  or  smooth, 
plane  or  curved,  what  variations  of  surface  a  body  presents,  and 
how  far  it  is  heavy  or  light ;  and  from  the  information  thus  gained 
we  build  np  judgments  as  to  the  form  and  nature  of  objects, 
judgments  however  which  are  roost  intimately  bound  up  with 
visual  judgments,  the  knowledge  derived  by  one  sense  cotx^cvvw^ 
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and  completing  that  obuined  by  the  other.     As  in  other 
so  in  this,  our  sensations  may  mislead  us    and  cxuse  m 
erroneous  judgmenu.     This  is  well  illuscrated  by   the 
experiment  of  Aristotle.     It  is  impossible  in  an 
of  the  fingers  to  bring  the  radial  side  of  the  middle 
ulnar  side  of  the  ring  finger  to  bear  at  the  same  li: 
object,  such  as  a  marble.    Hence  when  with  the  eyes 
one  finger  over  the  other,  and  place  a  marble  between 
that  it  touches  the  radial  side  of  the  one  and  the  ulnar 
other*  wc  recognise  that  the  object  is  such   as  coold 
ordinary  conditions  be  touched  at  the  same    time  b^ 
portions  of  our  skin,  and  therefore  judge  that  we  are  loi 
one  but  two  marbles. 

Distinct  lairtile  sensations  are,  as  we  have  seen,  pi 
when  a  stimulus  is  applied  to  a  terminal  organ.  When 
or  affections  of  general  sensibility  other  than  the  distinct 
sensations  are  developed  in  the  tcnnination  of  a  nerve, 
able,  though  with  less  exactitude,  to  refer  the  sensation  to 
ticular  part  of  the  body.  Thus  when  we  are  pricked  or  b 
can  feel  where  the  prick  or  bum  is.  When  a  sensory  ncr^ 
is  stimulated,  the  sensation  is  alwaj's  referred  to  the  pel 
terminations  of  the  nerve.  A  blow  on  the  ulnar  nerve 
elbow  is  felt  as  a  tingling  in  the  little  and  ring  fingers  com 
ing  to  the  distribution  of  the  nerve.  Sensations  stajted 
stump  of  an  amputated  limb  are  referred  to  the  absent  racr 

Stimulation  of  a  nerve  trunk  gives  rise  to  general 
only  J    no   distinct   tactile   perceptions   can    thus     be    pre 
When  cold  is  applied  to  the  eU>ow  it  is  felt  as  cold  in  the 
the  elbow  i  but  a  cooling  of  the  ulnar  nerve  at   this  spot 
gives  rise  to  pain  which  is  referred  to  the  ulnar  side  of  th 
and  arm. 


Sec.  4.    The  Muscular  Sinss. 


^nM 


When  we  come  into  contact  with  external  bodies 
scious  not  only  of  the  pressure  exerted  by  the  object  on 
but  also  of  the  pressure  which  we  exert  on  the  object. 
place  the  hand  and  arm  Hat  on  a  table,  we  can  esliroj 
pressure  exerted  by  bodies  resting  on  the  palm  of  the  hai 
so  come  to  a  conclusion  as  to  their  weights  ;  in  this  case 
conscious  only  of  the  pressure  exerted  by  the  body  on  oi; 
If  however  we  hold  the  body  in  the  hand,  we  not  only  i 
pressure  of  the  body,  but  we  are  also  aware  of  the  m 
excrttoD  required  to  support  and  lift  the  body.     We  are 
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of  a  muscular  sense ;  and  we  find  by  experience  that  when  we 
tnisl  to  this  muscular  sense  as  well  as  to  the  sensation  of  pressure, 
we  can  forra  much  more  accurate  jud^ents  concerning  the  weight 
of  bodies  than  when  we  rely  on  pressure  alone.  When  we 
want  to  tell  how  heavy  a  body  is.  we  are  not  in  the  habit  of 
allowing  it  simply  tu  press  on  the  hand  laid  flat  on  a  table ;  we 
hold  it  tn  our  hand  and  lift  it  up  and  down.  We  appeal  to  our 
muscular  sense  to  inform  us  of  the  amount  of  exertion  necessary 
to  move  it,  and  by  help  of  that,  judge  of  its  weight  And  in  all 
the  movements  of  our  body  wc  are  conscious,  even  to  an  astonish- 
ingly accurate  degree,  as  is  well  seen  in  the  discussions  concerning 
vision,  of  the  amount  of  the  contraction  to  which  we  are  putting 
our  muscles.  In  some  way  or  other  we  are  made  aware  of  what 
pellicular  muscles  or  groups  of  muscles  are  being  thrown  into 
action,  and  to  what  extent  that  action  is  being  carried.  We  are 
also  conscious  of  ihe  varying  condition  of  our  muscles,  even  when 
they  are  at  rest ;  the  tired  and  especially  the  paralysed  limb  is  said 
to  'feel*  heavy.  In  this  way  the  stale  of  our  muscles  largely 
determines  our  general  feeling  of  health  and  vigour,  of  weariness, 
ill  health  and  feebleness. 

It  has  been  suggested  that  since  muscle  possesses  little  or  no 
general  sensibility,  comparatively  little  pain  being  felt  for  instance 
when  muscles  are  cut,  our  muscular  sense  is  chierty  derived  from  the 
traction  of  the  contracting  muscle  un  its  attachments  ]  and  un- 
doubtedly in  cramp,  when  it  can  be  localised,  the  pain  is  chiefly  felt 
at  the  jomts:  and,  as  we  know,  Pacinian  bodies  are  abundant  around 
the  joints.  The  investigattons  of  Sachs,  however',  seem  to  shew  that 
aflerent  nerves,  having  a  dirTcrent  disposition  from  the  ordinary  motor 
nerves  which  terminate  in  end-plates,  are  present  in  muscle  ;  and 
analogy  would  lead  us  to  suppose  that  these  afferent  tibrcs,  though 
possessing  a  low  genera)  sensibility,  might  be  easily  excited  by  a 
muscular  contraction  ;  but  further  investigations  arc  necessary  before 
these  can  be  accepted  as  the  true  nerves  of  the  muscular  sense  '. 

In  favour  of  the  view  that  the  muscular  sense  is  peripheral  and  not 
central  in  origin,  may  be  urged  the  fact  that  the  sense  is  felt  when  the 
muscles  are  throwo  into  contraction  by  direct  galvanic  stimulation 
instead  of  by  the  agency  of  the  will.  Many  authors,  even  while 
admitting  the  existence  of  a  muscular  sense  of  peripheral  origin, 
contend  that  wc  also  possess  and  arc  very  Ur]^cly  guided  in  our 
movements  by  what  might  l)c  called  *  neural'  scn^c  of  central  origin. 
That  is  to  say  the  changes  in  the  central  nervous  system  involved  in 
initiating  and  carrying  out  a  movement  of  the  body,  so  alfect  our 
conM:tou5nes>,  that  we  have  a  sense  of  the  cflbn  itself^ 

It  has  been  observed  that  when  the  posterior  roots  are  divided, 

•  Reicbat  and  du  Boit-Reyinond's  AirAi*\  1874,  p,  1 75. 

*  Cf.  T«chiiiew,  Ankttm  dt  /%/iiV.,  vi.  (1^79)  ?*  % 
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movements  become  less  orderly,  as  if  they  lacked  the  guk 
muscular  sense  ;  and  although  the  impaimierit  <yf  the  movei 
be  due  in  part  to  the  coincident  loss  of  tactile  sejisatioas,  it  i 
that  it  IS  increased  by  the  loss  of  the  muscular  seose.  1 
malady  or  rather  a  condition  attending  various  disesised 
central  nervous  system  called  locomotor  atajcy,  the  chal 
feature  of  which  is  that,  though  there  is  no  loss  of  direct  p< 
the  muscles,  the  various  bodily  movements  are  ejected 
and  with  difficulty,  from  want  of  proper  co-ordinatioo. 
diseases  the  pathological  mischief  is  frequently  found  in  the 
columns  of  the  spinal  cord  and  the  posterior  roots  of  liie  spdq 
that  is  in  distinctly  afferent  structures ;  and  the  phenoro 
certain  cases  at  least  due  to  inefficient  co-ordLDation 
loss  both  of  the  muscular  sense  and  of  ordinary  tact 
The  patients  walk  with  difticulty,  because  ihey  have  im 
lions  both  of  the  condition  of  their  muscles  and  of  the  con 
feet  with  the  ground.  In  many  of  their  movements  the| 
depend  largely  on  visual  sensations  ;  hence  when  their  eye! 
they  become  singularly  helpless.  In  other  cases  again  aiax 
present  without  any  impaiiTnent  of  touch  ;  but  a  discussK 
varied  phenomena  of  this  class  of  maladies  cannot  be  end 
here. 

Among  the  names  of  those  who  have  contributed  large 
knowledge  of  the  phy>iiology  of  the  various  senses,  the  folia 
more  purely  physical  inquirer?  being  passed  over)  call  ft 
mem  ion.  In  vision,  the  labours  of  Young'  on  accommod^ 
colour  ^en^ations,  of  Purkinje'  on  subjective  phenomena,  of 
and  Hclmholt2*on  the  various  dioptric  features  of  the  eye 
movements  of  the  eyeballs,  and  of  Wheaistonc  on  binocul 
were  of  tirst  importance  ;  and  to  these,  on  the  psychological  ! 
be  added  the  speculations  of  Berkeley*.  It  need  hardly  be 
in  his  PhysiologicaL  Optics  Helmholtz  has  treated  the  whob 
in  such  a  complete  ana  masterly  way  as  to  make  it  almost  eni 
own.  In  both  sight  and  hearing,  and  indeed  in  the  senses  in 
we  owe  much  to  Johannes  Miiller*.  The  phy^siolog)  of  touch. 
relations  obtaining  in  the  senses  in  general  between  the  stini 
the  sensritJon,  wa,  largely  advanced  by  the  labours  of  Weber 
the  researches  of  Hclmholiz^  on  musical  sounds  mark  an  epoq 
history  of  the  physiology  j>f  hearing, 

*  Phii.  Tram,  iSoi, 

*  Btcobachi.  u.  FtrsutA.  tur  PkysioL  d.  SintM,  1825,  Olid  other  p«| 
^  Numerous  papers  from  1846  onwards. 

*  Nuracrou-s  papers,  and  Hattdbuck  der  PAyshf,  OfHk,  1867. 
s   Theory  0/  Vision^  1709. 

*  Phyi.  d.  GesuMtssinm,  ifizG^and  Handb.  dtr  Physic.  iSjc 
f  De  Aure,  Slc,  1820.     Wagner's  NamiuvrUrbHch,  An.  To/ZriM^ 
'  ToHtrnpfinduHgtHt  tSyo. 


CHAPTER  V. 
THE  SPINAL  CORD. 

Sec  I.     As  a  Centre  of  Reflex  Action. 

^E  have  already  discussed  (Book  i.  Chap,  iii.)  the  general 
res  of  reflex  action,  so  that  we  can  now  confine  ourselves 
to  special  points  of  particular  interest*  Since  the  frog  and  the 
mamma)  difler  very  markedly  from  each  other  in  resjiecl  of  their 
I  reflex  spinal  phenomena,  it  will  be  convenient  to  consider  them 
^•eparately. 


/ft  the  Frog. 


^ 


The  salient  feature  of  the  ordinary  reflex  actions  of  the  frog 
their  pur]>oseful  character,  though  every  variety  of  movement 
ly   be  'witnessed,  from    a   simple  spasm  to   a  most   complex 

muscular  manceuvre.     The  nature  of  any  movement  called  forth 

IS  determined : 

1.  By  the  nature  of  the  afferent  impulses.  Simple  nervous 
impulses  genernicd  by  the  direct  stimulation  of  afferent  nervc- 
6bres  evoke  as  reflex  movements  merely  irregular  spasms  in  a  Ur9t 
muscles ;  whert?as  the  more  complicated  differentiated  sensory 
impulses  generated  by  the  application  of  the  stimulus  to  the  skin, 
give  rise  to  large  and  purposeful  movements.  It  is  much  more 
easy  to  produce  a  reflex  action  by  a  slight  pressure  on  the  skin 
than  by  even  strong  induction-shocks  .ipplicd  directly  to  a  nerve- 
trunk.  \iy  in  a  brainless  frog,  the  area  of  skin  supplied  by  one 
of  the  dorsal  cutaneous  nerves  he  sepuratc'd  by  section  from  the 
rest  of  the  skin  of  the  back,  the  ner^e  being  left  attached  to  the 
piece  of  skin  and  carefully  protected  from  injur>',  it  will  be  found 
that  slight  stimuh  applied  to  the  surface  oi  the  piece  of  skin 
easily  evoke  reflex  actions,  whereas  ihe  trunk  of  the  nerve  may  be 
BtimulatLMi  with  even  strong  currents  without  producing  anything 
more  than  irregular  movements. 
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In  :rdinar)'  mechanical  and  chemical   simulation  of 
it  is  a  series  of  impulses  and  not  a  single  impalse  wbic 
upwards  along  the  sensory  nen'e,  the  changes  in  whidi 
compared  to  the  changes  in  a  motor  nerve  during  l 
every  reflex  action,  in  fact,  the  central  mechanism  nia.| 
upon  as  being  thrown  into  activity  through  a  summati 
afferent  impulses  reaching  it'. 

When  a  muscle  is  thrown  into  contraction  in  a  rcfl 
the  note  which  it  gives  forth  does  not  vary  with  the 
is  constant,  being  the  same  as  that  given  forth  by  a  mi 
into  contraction  by  the  will.  From  which  we  infer  t 
action  the  afferent  impulses  do  not  simply  pass  throuj 
m  the  same  way  that  they  pass  along  afferent  n 
profoundly  moditied.  And  this  explains  why  a  reflex 
always  a  considerable  time,  and  frecjuently  a  very  long 
development.  When  the  toes  of  a  brainless  frog  are  dj 
dilute  sulphuric  acid,  several  seconds  may  elapse  before 
are  withdrawn.  Making  every  allowance  for  the  lime  ne< 
the  acid  to  develope  sensory  impulses  in  the  peripheral  ei 
the  afferent  nerve,  a  very  large  fraction  of  the  period  i 
taken  up  by  the  molecular  actions  going  on  in  the  ner 
In  other  words,  the  interval  between  the  advent  at  the 
organ  of  atTerenl,  and  the  exit  from  it  of  efferent  impub 
busy  time  for  the  nerve-cells  of  that  organ  ;  during  i 
processes,  of  which  at  present  we  know  little  or  nothing,  « 
carried  on. 

2.  By  the  intensity  of  the  stimulus.  We  have  already 
out  (p.  130)  that  while  the  effects  of  a  weak  stimulus  ap 
3n  afferent  ner^^e  are  limited  to  a  few,  those  of  a  strong 
may  spread  to  many  efferent  nerves,  Granting  that  any  pa 
afferent  nerve  is  more  jmrticularly  associated  with  certain 
nerves  than  with  any  others,  so  that  the  reflex  impulses  g( 
by  impulses  entering  the  cord  by  the  former,  pass  with  t 
resistance  down  the  latter,  we  must  evidently  admit  fuxth 
other  efferent  nerves  are  also,  though  less  directly,  connect 
the  same  afferent  nerve,  the  passage  into  the  second 
nerve  meeting  with  an  increased  but  not  msuperable  resi 
When  a  frog  is  poisoned  with  strychnia,  a  slight  touch 
part  of  the  skin  may  cause  convulsions  of  the  whole  bod 
is  to  say,  the  atferent  impulses  passing  along  any  single  3 
nerve  may  give  rise  to  the  discharge  of  efferent  impulses  ale 
or  ail  of  the  efferent  nerves.    This  proves  that  a  physioloj 

'  Cf.  Stirllngj  Lud wig's  ArhHttn^  1874. 
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►t  an  anatomical  conrinuity  obtains  between  all  the  nerve  cells  of 
ic  spinal  cord  which  are  concerned  in  reflex  action,  that  the 
re-cells  with  iheir  processes  form  a  functionally  continuous 
toplasniic  network.  This  network  however  is  marked  out  into 
lets  presenting  greater  or  less  resistance  to  the  progress  of  the 
impulses  into  which  a^erent  impulses,  coming  from  this  or  that 
afferent  nerve,  are  transformed  on  their  advent  at  the  network  ; 
and  accordingly  the  path  of  any  series  of  impulses  in  the  network 
will  be  determined  largely  by  the  energy  of  the  affcrt-nt  impulses. 
v\nd  the  action  of  str)chnia  is  most  easily  explained  by  supi^osing 
that  it  reduces  and  equalises  the  normal  resistance  of  this  network, 
so  that  even  wciik  impulses  travel  over  all  its  tracts  with  great 
ease. 

3.  By  the  locality  where  the  stimulus  is  applied.  Pinching" 
the  folds  of  skin  surrounding  the  anus  of  the  frog  ]>roduces 
diflcrent  effects  from  those  witnessed  when  the  flank  or  toe  ia 
pinched  ;  and,  speaking  generally,  the  stimulation  of  a  particular 
spot  calls  forth  particular  movements.  From  this  we  may  infer 
that  the  protoplasmic  network  spoken  of  above  is,  so  to  speak, 
mapped  out  into  nervous  mechanisms  by  the  establishment  of 
lines  of  greater  or  le^is  resistance,  so  that  the  disturbances  in  it 
generated  by  certain  afferent  impulses  are  directed  into  certain 
efferent  channels.  But  the  arrangement  of  these  mechanisms  is 
not  a  fixed  and  rigid  one.  We  cannot  predict  exactly  the  nature 
of  the  movement  which  will  result  from  tlie  stimulation  of  any 
particular  spot  Moreover,  under  sl  change  of  circumstances  a 
movement  quite  different  from  the  normal  one  may  make  its 
appearance.  Thus  when  a  drop  of  acid  is  placed  on  the  right 
flank  of  a  frog,  ihe  right  foot  is  almost  invariably  used  to  rub  off 
the  acid;  in  this  there  appears  nothing  more  than  a  mere 
*  mechanical*  reflex  action.  If  however  the  right  leg  be  cut  off, 
or  Uie  right  fool  be  otherwise  hindered  from  rubbing  off  the  acid, 
the  left  foot  is,  under  the  exceptional  circumstances,  used  for  the 
pur}X)se.  This  at  first  sight  looks  hke  an  intelligent  choice,  A 
choice  it  evidently  is;  and  were  there  many  instances  of  similar 
choice,  and  were  there  any  evidence  of  a  variable  automatism, 
like  that  of  a  conscious  volition,  being  manifested  by  the  spuial 
cord  of  the  frog,  we  should  be  justified  in  supposing  that  the 
choice  was  determined  by  an  intelligence.  It  is  however,  on  ihe 
other  hand,  quite  possible  to  suppose  that  the  lines  of  resistance 
in  the  spinal  protoplasm  are  so  arranged  as  to  admit  of  an 
alternative  action ;  and  seeing  how  few  and  simple  arc  the 
ipparent  instances  of  choice  witnessed  in  a  brainless  frog»  and 
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how  absolutely  devoid  of  spontaneity    or    irregular 

is  the  spinal  cord  of  the  frog,  this  seems   the  more  pfobilii^ 

view'. 

Moreover  to  this  often  quoted  behaviour  of  tlie  frog  maj  bt 
opposed  the  behaviour  of  the  snake.  This  animal  when  dcoipdiad 
executes  movements  the  purpose  of  which  is  obviously  to  twifie  :k 
body  round  any  object  with  which  it  comes  in  contact ;  thus  it  vo? 
;dily  twists  itsell  round  an  arm  or  a  stick  presenttd  to  il  it  ■*] 
rever  with  equal  and  fatal  readiness  twine  itself  rouod  m. 
of  iron  or  lump  of  live  coal'. 

It  may  be  renuLrked  lliat  two  entirely  different  questions  an*  stand 
by  this  exhibition  of  choice  on  the  part  of  the  frog  ;  the  one  is  wt 
the  spinal  cord  o(  the  frog  possesses  intelligence,  the  other  iswi 
possesses  consciousness ;  and  care  must  be  taken  to  keep 
questions  apart-  intelligence  in  the  ordinary  meaning  of  ihat^ 
undoubtedly  presupposes  consciousness ;  but  we  are  not  M  lil 
say  that  consciousness  may  not  exist  without  intelligence.  It  »' 
possible  to  conceive  of  the  simplest  and  tnost  'mechanical* 
on  being  accompanied  by  consciousness  ;  the  coexistence 
>ciousncss  being  merely  an  adjunct  to,  and  in  no  appiecial 
lifvmg  the  mechanical  elaboration  of,  the  acL  On  the  other' 
though  it  is  possible  to  conceive  of  such  a  concomitant  and  at 
useless  consciousness,  and  though  if  we  admit  an  evolution  of  c  J Ilic:^:^^- 
ness  we  must  suppose  such  forms  of  consciousness  to  eatist,  yc 
as  our  reason  for  believing  in  the  possession  by  any  being  of  a 
ncss  like  our  own  is  based  on  the  similarity  of  the  tiehaviour  u  uir-i 
being  with  our  own  behaviour,  we  are  precluded  from  di*^Tm.-tJv 
predicating  consciousness  except  in  the  cases  where  an  iii 
similar  to  our  own  is  manifested.  But  the  discussion  of  t 
would  lead  us  too  far  away  from  the  object  of  the  present  booK. 

Il  may   be  added    that  the   movements   evoked    by   even  i 
segment  of  the  cord  may  be  purposeful  in  character ;  hence  wt 
must  conclude  that  every  segment  of  the  protoplasmic  netwooi 
mapped  out  into  mechanisms. 

4,  By  the  condition  of  the  cord.  The  action  of  strydinii 
just  alluded  to  is  an  instance  of  an  apparent  augmentation  of  re  (in 
action  best  explained  by  supposing  that  the  resiisiances  in  the  ^-!'l 
are  lessened.  There  arc  probably  however  cases  in  which  ihi 
explosive  energy  of  the  nerve-cells  is  positively  increased  abos 
the  normal.  Conversely,  by  various  influences  of  a  depressio^^ 
character,  as  b^  various  anaeisiiietjcs,  reflex  action  may  be  legend 
or  prevented ;  and  this  again  may  arise  either  from  an  increase  of 

'  rHugcr,  Dff  ietttofiicfn  Function  dci  Kuckenmarks^    1853.      S«tnden-£iai^ 
Ludwig's  ArbntfTt,  1867.     Gergens,  Ptlugcr's  Archix\  Xlll.  (1876)  p.  di,   ■ 
■  Oiiawa  andTiegcl,  Pfttigcr's  Archn\  XVt,  (1H77)  p.  90. 
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tistance,  or  from  a  diminished  action  of  the  nerve-cells  them- 
ives.     In  the  mammal  the  condition  of  apncea  is  antagODistic> 
only  to  the  convulsions  proceeding  from  the  convulsive  centre 
the  medulla^  but  also  to  reflex  actions  arising  in  any  part  of  the 
cord,  such  as  those  produced  by  strychnia. 


Inhibition  of  Reflex  Action.     WTicn  the  brain  of  a  frog 
removed,  reflex  actions  are  developed  to  a  much  greater  degree 
m  in  tht:  entire  animal.     We  ourselves  arc  conscious  of  being 
Ic  by  an  effort  of  the  will  to  stop  reflex  movements,  such  for 
stance  as  are  induced  by  tickling.     There  must  therefore  be  in 
IC  brain  some  mechanism  or  other  for  preventing  the  nonnal 
ivelopment  of  the  spinal  reflex  actions.     And  we  learn  by  ex- 
iment  that  stimulation   of  certain  parts   of  the  brain  has  a 
smarkable  effect  on  reflex  action.      In  a  frog,  from  which  the 
srcbral  hemispheres  only  have  been  removed,  the  optic  thalami, 
»tic  lobeSt  medulla  oblongata  and  spinal  cord  being  left  intact,  a 
rrtam  average  time  will  (see  p.  600)  be  found  to  elapse  between 
le  dipping  of  the  toe  into  very  dilute  sulphuric  acid,  and  the 
»ultii)g  withdrawal  of  the  foot.     If,  however,  the  optic  lobes  or 
jplic  thalami  be  stimulated,  as  by  putting  a  crystal  of  sodium 
chloride  on  them,  it  will  be  found  on  repeating  the  experiment 
while  these  structures  are  still  under  the  influence  of  the  stimula- 
tion, that  the  time  intervening  between  the  action  of  the  acid  on 
the  toe  and  the  withdrawal  of  the  foot  is  very  much  prolonged^ 
That  is   to  say,  the  stimulation   of   the  optic  lobes  has   caused 
impulses  to  descend  to  the  cord,  which  have  there  so  interfered 
with  the  action  of  the  nen-c-cclls  engaged  in  reflex  action  as 
greatly  to  retard  the  generation  of  reflex  impulses ;  in  other  words, 
the  stimulation  of  the  optic  lobes  has  inhibited  the  reflex  action  of 
the  cord  *. 

It  is  worthy  of  notice  that  the  inhibitory  action  of  the  optic  lobes 
spoken  of  above,  bears  cxcluiivcly  on  the  Iciii^ih  of  the  period  ol 
incubation.  We  have  no  evidence  that  it  diminishes  the  minimum 
intensity  of  stimulation  required  to  produce  a  reflex  action.  On  the 
other  hand,  the  augmenting  eflect  of  strychnia  may  mantfcsl  itself 
without  any  change  in  the  latent  period  or  period  of  incubation,  if  we 
may  use  the  phrase.  When  a  frog  is  poisoned  with  small  tloscs  of 
strychnia  the  reflex  movements  caused  by  a  very  slight  stimulus  may 
be  very  great,  but  the  period  of  incubation  may  be  the  same  as  that  of 
a  hog  in  a  normal  condition  ;  when  the  dose  is  increased,  the  period 

•  Setschenow,  Uthfr  die  Hrmmmngtrntckaniimfn  fur  dit  fi^TtkatigMt  da 
RfkJkinmarks,  1863.  ScUchenow  and  FmchuLin,  Xtut  IWsmht^  186^ 
Hezzesi,  .fi^  mr  Us  Cmtnt  imdinUmrs  dt  tiution  rJ'/lcMt^  186^ 
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inste:id  of  being  diminished  is  increased,  the  increase  bebig 
Sidciable  when  minimum  stimuli  are  emplovned,  but  much  1 
with  strong  stimuli*. 

If  quinine^  be  injected  under  the  sk'in  of  the  back  of 
period  of  incubation  of  reflex  action  will  be  much  prolonged, 
the  retardation  has  become  clearly  developed,  the  brain  be 
the  period  of  incubation  rapidly  returns  to  the  normal.  J 
quinine  is  similarly  injected  beneath  the  skin  of  a  frog  from 
brain  has  previously  been  removed,  no  such  retardation 
appearance.  From  this  we  may  infer  thiit  the  injection  of  t! 
inhibits  the  reflex  actions  of  the  spinal  cord  by  stimulatin"  an 
mechanism  rn  the  brain.  The  difference  is  however  Siiid 
manifested  when  mechanical  instead  of  chemical  or  th 
are  used  ;  and  indeed  the  experiment  is  one  rcquiri 
investigation. 

Langcndorf 3  concludes  that  in  frogs  the   inhibitor^' 
side  of  the  brain  is  exerted  on  the  reflex  actions  of  the  opp 
the  body,  the  inhibitory  impulses  crossing  in  the  medulla  obi 

Such  an  inhibitory  effect  is  however  not  confined  to 
lobes.  Stimuli,  if  sufficiently  strong,  applied  to  any  atfcj 
will  inhibit,  ix.  will  retard  or  even  wholly  prevent  refl* 
If  the  toes  of  one  leg  are  dipped  into  dilute  sulphuric 
time  when  the  sciatic  of  the  other  leg  is  being  powerfu 
lated  with  an  interrupted  current,  the  period  of  incubati 
found  to  be  much  prolonged,  and  in  some  cases  the  r 
drawal  of  the  foot  will  not  take  place  at  ail.  And  this  ho 
not  only  in  the  complete  absence  of  the  optic  lobes  and 
oblongata,  but  also  when  only  a  portion  of  the  spi 
sufficient  to  cany  out  the  reflex  action  in  the  usual  wa' 
There  can  be  no  question  here  of  any  specific  inhibitor 
such  as  have  been  supposed  to  exist  in  the  optic  lot 
have  aheady  seen  that  the  action  ©f  such  nervous  cen 
matic  or  reflex,  as  the  respiratory  and  vaso-motor  ceni 
be  eitlier  inhibited  or  augmented  by  afferent  impuls 
micturition-centre  in  the  mammal  may  be  easily  inhi 
impulses  passing  downward  to  the  lumbar  cord  from  the 
upwards  along  the  sciatic  nerves.  Goltz  observed  that  in 
of  the  dog  (see  p.  421),  micturition  set  up  as  a  refl 
Simple  pressure  on  the  abdomen,  or  by  sponging  the  anu 
once  stopped  by  sharply  pinching  the  skin  of  the  leg,  Al 
matter  of  common  experience  that  micturition  may  be 
checked  by  an  emotion  or  other  cerebral  event.  The 
centre  in  the  lumbar  cord  is  also  susceptible  of  being  inhi 

•  \Vundt»  Mcchanik  dfr  Nfrvtn^  it,  (1S76)  p.  70. 

•  ChatWrnn,  Pfliiger's  Archiv,  w*  (1869)  p.  293,. 
3  Du  Bois-Keytuond's  AtrAip,  lS77«  p.  95« 
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tpulses  reaching  it  from  various  sources.  And  though  the  reflex 
lechantsm  of  croaking  belongs  to  the  optic  lobes,  and  not  to  the 
»inal  cord,  this  may  be  quoted  in  reference  to  the  inhibition  of 
tflcx  action,  since  the  croaking  which,  as  we  shall  shortly  see,  in 
deprived  of  its  cerebral  hemispheres,  invariably  follows  the 

ig  of  the  flanks  in  a  particular  way,  fails  to  appear  If  a 

tensory  nerve  such  as  the  sciatic  be  powerfully  stimulatL'd  at  the 
■ame  time. 

These  various  facts  clearly  shew  that  the  spinal  cord,  and 
ideed  the  whole  cerebral  nervous  system,  may  be  regarded  as  an 
ilricatc  mechanism  in  which  the  direct  effects  of  stmiulation  or 
itomatic  activity  are  modified  and  governed  by  the  checks  of 
ihibitory  influences  ;  but  we  have  as  yet  much  to  learn  before  we 
speak  with  certainly  as  to  the  exact  manner  in  which  inhibition 
brought  about.  Seeing  that  in  the  ordinary  actions  of  Hfe  the 
linal  cord  is  to  a  large  extent  a  mere  instrument  of  the  cerebral 
lisphcres,  we  may  readily  expect  that  regulative  inhibitory 
ipulses  passing  from  the  latter  to  the  former  would  be  of  frequent 
rence ;  and  the  experiments  quoted  above  shew  that  the 
>tic  lobes  when  stimulated  are  especially  prone  to  give  rise  to 
tch  inhibitory  impulses  ;  but  facts  do  not  at  present  justify  us  in 
tking  of  the  optic  lobes  as  being  the  organ  for  the  inhibition 
reflex  action  or  in  regarding  their  absence  as  the  cause  of  the 
Uation  of  reflex  activity  which  \s  so  obvious  in  the  brainless 


The  inhibitory  action  of  the  cerebral  hemispheres  is  illustrated  by 
*  croaking  frog  '  alluded  to  above.  An  entire  frog  when  stroked  on 
flanks  in  a  particular  way  may  or  may  not  '  croak '  :  a  frog  from 
rbich  the  cerebral  hemispheres  alone  have  been  removed,  all  other 
irts,  including  the  optic  lobes,  liaving  been  left  intact,  v^ilj  invarijl)(y 
)ak  when  stroked  in  the  same  way.  Ijut  Langendorf'  find*  thai  the 
same  regular  response  to  stimulation,  f>.  the  same  absence  of  inhibi- 
tion, is  witnessed  m  a  frog  which  has  been  merely  blinded,  for  insf  mcc 
by  section  of  both  optic  nej-vcs,  the  cerebral  hemispheres  being  left 
incacL  From  this  it  might  be  inferred  that  the  inhibitor)'  activity  of 
the  cerebral  hemispheres  was  so  to  speak  furnished  by  the  sense  of 
sight*.  Langley*  on  the  other  hand  finds  that  ordinary  reflex  action 
produced  by  the  stimulation  of  one  sciatic  is  diminished  by  section  of 
the  other  sciatic,  and  he  regards  the  result  as  indicating  not  that  the 
mere  section  acts  as  a  stimulus  exciting  an  inhibitory  mechanism  or 

»  Arckivf.  Anat,  u.  Pkyi.,  1877  (Pbys,  Abth.)  p.  435. 

•  Cf.  V.  BtKftudier,  *  Uebcx  Reflcxhejumang,  Freycr'f  AbhtmdL^  i|.  3 
<iS78) ;  aod  hi»  critic,  Spgdc,  Archw  /.  AmU.  •#.  Phy$„  1879  (Phy».  AbUj.J, 
p.  113. 

1  Avr.  Cmm^ridsi  Pkdct,  Soc  ,  1S79. 
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y  ;  a  very  feeble  stimulus  applied  to  the  skin  of  these  regions 
ptly  gives  rise  to  extensive  .ind  yet  coordinate  movements, 
mpared  with  the  reflex  actions  of  the  frog,  the  n^ovements 
Carrit^d  out  by  the  lower  portion  of  the  spiaal  cord  of  the  mammal 
Hhile  they  arc  more  energetic  may  perhaps  be  regarded  as  less 
definite  and  complete  and  less  purposeful  j  though  even  this  is 
j_  not  admitted  by  Goltz  '  and  his  pupils,  to  whom  we  are  largely 
t  indebted  for  information  on  this  subject  A  striking  feature  in 
ir_  the  phenomena  attendant  on  this  isolation  of  the  lumbar  cord  in 
CL^  the  mammal  is  the  occurrence  of  apparently  spontaneous  move- 
pB*  ments  in  the  parts  whictt  it  governs.  When  the  animal  has 
^oroughly  recovered  from  the  operation  the  hind  limbs  rarely 
main  at  rest  for  any  long  period;  they  move  restlessly  in 
ous  ways;  and  when  the  animal  is  suspended  by  the  upper 
ft  of  the  body,  the  pendent  hind  limbs  are  continually  being 
wn  up  and  let  down  again  with  a  monotonous  rhythmic 
larity,  highly  but  perhaps  falsely  suggestive  of  automatic 
ythmic  discharges  from  the  central  mechanisms  of  the  cord, 
is  greater  proneness  to  activity  is  however  just  what  nirght  be 
exi>ecte<l,  when  we  take  into  consideration  the  more  rapid  meta- 
bolic changes  and  the  consequent  greater  molecular  mobility  of 
the  whole  nervous  system  of  the  mammal.  Another  fact  worthy 
of  attention  is  that  the  reflex  phenomena  in  mammals  (tlogs)  vary 
very  much  both  in  different  individuals  and  in  the  same  individual 
under  different  circumstances.  Race,  age,  and  previous  training, 
seem  to  have  a  marked  effect  in  determining  the  extent  and 
character  of  the  reflex  actions  which  the  lumbar  cord  is  capable 
of  carry mg  out ;  and  these  seem  also  to  be  largely  influenccfl  by 
passing  circumstances,  such  as  whether  food  has  been  recently 
taken  or  no.  It  is  evident  that  the  reflex  as  well  as  other 
phenomena  of  the  mammalian  spinal  cord  present  a  large  field 
for  inquiry,  being  much  more  varied  and  extensive  than  previous 
experience  had  led  us  to  suppose. 

Vicarious  reflex  movements  may  also  be  witnessed  in  mammals, 
though  not  perhaps  to  such  a  striking  extent  as  in  frogs.  In  dogs, 
in  which  |:)artial  removal  of  the  cerebral  hemispheres  has 
apparently  heightened  the  reflex  excitability  of  the  spinal  cord, 
the  remarkable  scratching  movements  of  the  hind  leg  which  are 
called  forth  by  stimulating  particular  spots  on  the  side  of  the 
body,  are  executed  by  the  leg  of  the  oj)posite  side,  when  the  leg 
of  the  same  side  is,  even  without  any  great  force  being  applied, 
prevented  from  carrying  them  out  •.     Here  too  the  absence  of  a 

k«  Pflifer*!  ^rr^rr*  vrii.  (1874)  p.  460;  ix.  (1874)  p.  358, 
*  Gcrgatt,  Pfliigo-'s  AnAiv,  xiv.  (1877}  p.  34a 
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truly  purposeful  character  of  the  movements  is  very 
the   phenomena  afford   a   strong    sup}K>rt    to    the 
explanation  of  the  more  complicated  behaviour  of  the 

According  to  Owsjannikow',  if  in  the    ra 
divided  at  ihc  culamus  scrjpJorius,  a  moderate 
hind  fool  causes  movemcius  in  one  or  other  or 
none  in  the  foix*  legs,  ;iud  a  stimulation  of  the  fn 


left 


meats  in  the  fore  but  nut  in  the  hind    leg^s 

nervous  tissue  only  6  to  s  mm.  in  height  be 

scriptorius,  stimulation  of  cither  foot  may  "•-... 

part  of  the  body.     This  would  sc^^-m  to  >,i 

ordinaiing  the  movements  of  the  fore  limb 

which  in  the  frog  are  scattered  over  the  whoit 

mammal  (mbbit;  gathered  into  the  medulla 

referred  to  above  lies  it  may  be  remarked,  neaj-  lo  ihc  'c 

centre '(see  p.  388),     Woroschiloff' has  observed  lh:it    in  the 

direct  stimulation  with  an  interrupted  current   of  the  ccrvie; 

down  as  far  .is  the  origin  of  the   sixth   ccrvic.;il    nerve, 

ordinated  rhythmic  springing  movements  of  the    body,  whcrta 

the  same  stimulus  is  applied  to  lower  regions  of  the  cnrd, 

tetanus  results  ;  this  too  indicates  the  existence  in  the  cervical 

peculiar  coordinating  mcchanisims. 

Muscular  movements^  as  parts  of  a  reflex   action, 
on  stimulation  of  not  only  the  ordinary  spinal  and  cranial 
nerves,  but  also  of  the  nerves  of  special  sense.     A  sotim 
flash  of  light  readily  produces  a  start,  a  bright  light  caused 
persons  to  sneeze,  and  reflex  movements  may  even  resu^ 
a  taste  or  smelL 


TA^  Time  required  for  Rffltx  AOi^tts, 

When  we  stimulate  one  of  our  eyelids  with  a  sharp  electrical 
both  eyelids  blink.  Hence,  if  the  length  of  time  intervening 
the  stimulation  of  the  right  eyelid  and  the  movement  of  ihc  left 
be  carefully  measured^  this  will  give  the  lime  required  for  the  d( 
ment  of  a  reflex  action.  Exner^  found  thi5  to  be  from  '0662  ti 
sec,  being  less  for  the  stronger  stimulus  Deducting  froni  tiicse 
the  time  required  for  the  passage  of  aiTcrent  anil  cfTcrcjvt  in 
along  the  titth  and  facial  nerves  to  and  from  the  nicdutla,  and  i 
latent  period  of  the  muscular  contraction  of  the  orbicuhirisj 
would  remain  0555  to  0471  sec.  for  the  time  consumed  in  the  i 
operations  of  the  retlex  act.  The  calculations,  however,  nco 
this  reduction,  it  need  not  be  said,  are  open  to  sources  of  entur. 


»  Ludwig*s  ArheiUn^  *S74,  p.  308. 

•  Lud wig's  Arbetten,  1874,  p.  99. 

1  I'flugers  Anhwt  viii.  (1674)  p.  526, 
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md   that   when   he  used  a  visual   stimtiltis,  viz.  a  flash  of  light, 
le  time  was  not  only  exceedingly  prolonged,  '2168  sec,  but  very 
riable. 

The  time  required  for  any  reflex  act  varies,  according  to  Rosenthal', 
!ry  con •.idenibly  with  the  strength  of  the  stimulus  employed,  being 
Jss  for  the  stronger  stimuti ;  it  is  greater  in  transverse  than  in 
mgitudinal  conduction,  and  is  much  increased  by  exhaustion  of  the 
)rd.  It  has  been  stated  that  the  central  processes  of  a  reficx  action 
propagated  in  the  frog  at  the  rate  of  about  8  metres  a  second  ; 
It  this  value  cannot  be  depended  on.  The  time  thus  occupied  by 
irely  reflex  actions  nm^t  not  be  confounded  with  the  interval  required 
mental  operations  ;  of  the  latter  we  shall  speak  presently. 


I,     As  A  Centre  or  Group  of  Centres  of  Automatic 
Action. 

Irregular  automatism,  i.e,  a   spontaneity  coniiparable   to  our 
volition,  is  wholly  absent  from  the  spinal  card,     A  brainless 
rog  placed  in  a  condition  of  complete  etiuilibrium  in  whkh  no 
imulus  is  brought  to  bear  on  it,  remains  perfectly  motionless 
it  die>s 

Of  the  various  regular  automatic  centres,  both  the  numerous 

mes  in  the  medulla  oblongata,  such  as  die  vaso-raotor,  respiratory, 

tc,  and  the  more  sparse  ones  in  other  regions  of  the  cord,  such 

those  connected  with  micturition  (p.  421),  defsecation  (p.  302), 

rction,  parturition,  and  so  on,  we  have  treated  or  sliall  have  to 

treat  so  fully  in  reference  to   their  respective  mechanisms,  and 

discussed  liow  far  they  are  purely  automatic,  or  in  reality  merely 

reflex  in  nature,  that  nothing  more  need  be  said  here. 

The  connection  between  the  spinal  cord  and  the  automatic  move- 
ments of  the  lymph'hearts  of  the  frog  has  also  (p.  127)  been  briefly 
referred  to.  VoUmann*  was  the  first  to  observe  that  the  destruction 
of  even  a  small  portion  of  special  regions  oi  the  spinal  cord  puts  an 
end  to  the  pulsations  of  these  organs,  the  region  or  centre  for  the 
anterior  pair  of  hearts  being  opposite  the  third  vertebra,  and  that  for 
the  posterior  pair  being  opposite  the  seventh,  or  according  to 
Priestley'  sixth,  vertebra.  Eckhard'*  however  observed  that  the  pulsa- 
tion-, though  ceasing  upon  the  destruction  of  the  regions  of  the 
B|:inal  cord  above  mentioned,  after  a  while  returned ;  still  the 
pulsations  thus  independent  of  the  spinal  cord  differed  in  character 

'  MmatiherUkt  d,  Berlin.  Acad,  1873,  p.  104.  See  also  Sittungjiteruht  d^ 
pkys,  mcd.  C<s.  Eriangcn^  1875,  and  Wuiidt,  MithaniA  dtr  Ntrven,  &c  Abtb. 
II.  (1876). 

»  Miiller's  Arckiv,  1844.  p.  419. 

3  Journal,  of  Fhyt.  i.  (1S7&)  pp,  I  and  19. 

<  Zt.f.  rat,  Med.  VilT.  p.  24,  and  Exf,  Phyt,  Nerv*  Syfitm,  1SA6,  ^  ^59, 
F.  P. 
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firckm,  being  mo.€  partial  and  iir^;ular  than^  ibose 
the  spinal  cord  was  intact.     Golu'  saw  the  pulsations 
three  weeks  after  they  had  been  stopped  by   S(^ction   of 
(coccygeal)  spinal  nerve,  though  no  regeneration  of  the  n 
bad  taken  place;  and  he  states  that  with  care  the  hearts 
be  wholly  removed  from  the  body  without  arresting  their 
VVa]deyer%  though  he  described  ganglionic  ceils  in  the  nci; 
of  the  hearts,  found  the  return  of  pulsations   after 
coccygeal  nerve  or  destruction  of  the  spinal  cord   too 
prove  their  independence  of  the  spinal  cord,  and  Heid 
at  a  similar  conclusion. 

According  to  some  authors  stimulation   of  the  coccyjn 
with  the  interrupted  current  brings  about  a  tetanic  syst 
posterior  lymph -hearts,  but  stimulation  with  a  strong  constij 
cau5ies  a  standstill  in   diastole^     Priestley*  however  iinds 
interrupted  current  applied  to  the  spinal  centre  produces  a  i 
the  lymph-hearts  passing  on  to  complete  arrest  as  the  stren 
current  is  increased,     if  the  current  be  made  still  stronger,  { 
tion  gives  way  to  tetanic  contraction.     The  effects  of  th^ 
current  vary   according  to  circumstances.     Goltz*    found 
lymph-hearts  might  like  the  blood-heart  be   inhibited.  an< 
to  a  diastolic  standstill  in  a  reflex  manner,  by  striking  s| 
exposed  intestines,  and  that  they  might  abo  be  similarly  inl 
pinching  the  auricles  of  the  blood -heart ;   the  centre   of   t 
mhibition  appeared  to  be  in  the  medulla  and  the  atferent  in 
pass  along  the  vagus.     Suslowa^  traced  these  afferent  inhl 
pulses  from  the  intestine  through  the  rami  communicantes. 
that  after  destruction  of  all  the  posterior  sensory   spinal 
lymph-hearts  remained  in  a  (diastolic)  still-stand,  which  bow 
place  to  a  return  of  pulsatile  activity  as  soon  as  the  rami  i 
cantes  were  also  divided,  the  experiment  in  his  opinion  indie 
the  inhibitor)'  impulst-s  passing  along  the  latter    channel 
intestine  are  of  a  tonic  character.     Suslowa  also  found    thai 
tion  of  a  transverse  section  of  the  optic  thaiami  or  optic  lobes 
ji  diastolic  standstill  of  the  lymph-hearts,  whereas  stimuli 
transverse  section  of  the  spinal  cord  itself  increased  their 
that  the  inhibitory  centres  of  Selschcnow  in  fact  govern 
Jymph-hearts. 

It  has  been  maintained  that  the  spinal  cord  exercises 
skeletal  muscles  a  tonic  action  comparable  to  ih^t  of  tl 
motor  centres  over  the  smooth  muscles  of  Uie  arteries, 
however,  no  adequate  support  to  this  view.  When  a 
cut  across  in  the  living  body,  the  section  gapes,  bec&uai 

'  CU  /  Afiii.  IViss.,  1S63.  p.  497. 

"  Stud,  Brasi.  JmL,  HI.  p.  71. 

3  Dif^uiuHoHts  tU  nfruis  organisifUf  cfntralihus  tvrdis  (vnfiumvr^ 

*  Eckhard,  /a-,  o/.     Waldcycr,  Ucdf,  s  O^,  aiJ^ 

*  CU.f.Mcd.  V\'tss.^  1863.  pp    17  and  497;  1864,  p.  ^^f^ 
»  LU./.  Mtd.  Wn>.,  1S67,  p.  833.     Zt.j.  rat.  AM,  31  (1868)  p. 
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nmscles  of  the  body  are  slightly  stretched  beyond  their  normal 
length.  When  one  side  of  the  face  is  paralysed  the  mouth  i« 
drawn  to  the  opposite  side,  not  because  the  paralysed  muscles 
have  lost  their  tone,  but  because  there  are  on  the  paralysed  side 
no  contractions  to  antagonise  the  effect  of  the  continually  re- 
peated contractions  of  the  sound  side.  And  the  view  is 
distinctly  disproved  by  the  fact  that,  according  to  most  observas, 
when  in  the  living  body  the  nerve  going  to  a  muscle  is  cut  no 
permanent  lengthening  of  the  muscle  is  caused.  After  the  sciatic 
plexus  of  one  leg  of  a  brainless  frog  has  been  cut,  th^it  leg  hangs 
down  more  helplessly  than  the  other  when  the  animal  is  suspended. 
This  might  at  first  sight  be  considered  as  the  result  of  loss  of 
tone ;  but  the  same  flacctdity  is  observed  in  a  leg  in  which  the 
posterior  roots  only  of  the  sciatic  plexus  have  been  divided.  The 
diflfcrencc  between  the  leg  of  the  one  side  and  that  of  the  other  in 
these  cases  is  that  the  sound  leg  is  rather  more  flexed  than  the 
other;  and  evidently  this  slight  flexion,  since  it  disappears  on 
section  of  the  posterior  roots,  is  the  result  of  a  reflex  and  not  of 
an  automatic  action. 

Tschiriew '  affirms  that  with  a  certain  dcijrce  of  tension,  section  of 
the  nerve  in  the  living  body  is  followed  by  a  lengthening  of  the 
muscle,  and  he  contends  for  the  existence  of  a  muscular  tone  not  of 
automatic  but  of  reflex  nature,  originating  in  afferent  impuhcs  st.irted 
in  the  nerves  of  the  tendon  of  the  muscle  whenever  the  tendon  is 
subjected  to  a  certain  degree  of  tension.  He  believes  that  the  nerve- 
fibres,  which  he  has  traced  to  the  tcndun^  and  aporieurosc:)  of  musclesi 
and  which  he  regards  as  identical  with  the  fibres  described  by  Sachs 
(sec  p.  S97)»  ^rc  the  only  afferent  fibres  belonging  to  muscle  and  are 
simple  afferent  nerves,  not  specific  nerves  of  muscutar  sen«e.  He 
explains*  the  so-c.dlcd  tendon  reflex  or  knee  phenomena,  i>.  the  con- 
tractions in  the  muscles  of  the  thigh  caused  by  sharply  striking  the 
patellar  tendon^  as  reflex  movements  started  by  afferent  impubes 
jassing  along  the  same  nerves. 


Sec    3.     As  a  Conoijctor    of   ArFEHEKT   aho   Effejient 

k  Impulses. 

When  we  move  our  foot,  or  feel  something  touching  our  foot, 
trent  or  afferent  impulses  must  evidently  pass  along  the  whole 
gth  of  the  spina]  cord  on  their  way  from  and  to  the  brain.  We 
might  suppose  that  in  such  cases  sensory  impulses  are  conveyed 
ttradght  along  a  fibre  from  the  periphery  to  the  sensorium^  and 
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volitional  impulses  straight  along  a  fibre  Irom  the 
will  *  to  the  muscular  fibre-  Or  we  might  suppose  that 
duction  is  not  simple,  but  carried  out  by  a  more  or  I 
plicated  system  of  relays.  Both  anatomical  and  phy 
considerations  shew  that  the  latter  view  is  the  correct  orn 
The  phenoinena  of  reflex  action  have  shewn  us  that 
contains  a  number  of  more  or  less  coraplicaled  me* 
capable  of  producing,  as  reflex  results,  coordinated  moi 
altogether  similar  to  those  which  are  called  forth  by  llie  wi 
it  must  be  an  economy  to  the  body,  that  the  will  shou 
use  of  these  mechanisms  already  present,  by  acting  d 
their  centres,  rather  dian  that  it  should  have  recourse  to 
apparatus  of  its  own  of  a  similar  kind.  And  from  an 
point  of  view,  it  is  clear  that  the  white  matter  of  th 
cervical  cord  does  not  contain  a  sufficient  number  of 
of  attenuated  dimensions,  to  connect  the  bra.in,  b; 
efferent  ties,  with  every  sensory  or  motor  nerve-en 
trunk  and  limbs. 


1 


Regarded  in  a  genetic  aspect,  the  spinal  cord  is  a 
cememeil  segment^,  having  mutual  relations  one  with  the  c 
all  being  governed  by  the  dominant  cerebral  segments, 
might  fairly  expect  to  find  that  in  each  segment  of  the  co; 
the  slnictures  are  purely  segmental,  and  serve  as  a  nervous  i 
the  afferent  and  efferent  nerves  corresponding  to  a  portion  oft 
while  part  are  commissural  structures  connecting^  the  scgim 
other  segments  and  the  remainder  are  structures  conncc 
governed  segment  with  the  governing  cerebral  organs.  So 
arrangement  as  this  is  indicated  by  the  directions  taken  by  t 
of  the  roots  of  the  spinal  nerve  ;  and  the  view  is  supportecl 
results  gained  by  comparing  sections  of  the  spinal  curd  i 
different  points  of  its  length.  If  a  curve  be  constructed  rcpi 
the  sectional  area  of  the  nerve-roots  entering  the  spinal  cord, 
respective  points,  along  its  whole  length  from  the  tirst  ccrvJcai 
last  sacral  nerve,  some  such  form  as  that  shewn  m  Fig.  62  m 
obtained.  If  instead  of  the  sectional  area  of  each  pair  of  n 
continued  summation  of  the  roots  uere  used  to  construct  th< 
the  form  would  be  that  of  Fig.  63.  If  the  variations  of  the  st 
area  of  the  grey  matter  at  diflercut  points  of  its  length  were 
into  a  curve,  the  form  would  be  that  of  Fig,  64.  If  the  variat 
the  sectional  area  of  the  lateral  columns  were  taken,  the  curvi 
take  the  form  of  Fig.  65.  The  anterior  columns  similarly 
would  give  Fig.  66,  and  the  posterior  Fig.  67.  A  comparison  a 
several  figures  suggests  the  view  that  the  grey  matter  of  the 
preeminently  segmental,  falling  and  rising  as  it  docs  with  the  j 
of  ncrve-fibre  passing  into  each  part  v(  the  cord,  and  that  the 
columns,  increasing  as  they  do  fjrom  below  upward,  nmch 
•tcadtly  than  either  the  grey  matter  or  the  anterior  and 
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columns,  are  the  chief  means  by  which  the  brain  is  brought  into  con- 
nection mth  the  several  segments  of  the  cord^  and  lhu$  with  the 
ner\'es  of  the  body  at  large. 
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COLtTMNS  or  TUB    Sl-ISAt.  CO»»l>,   AXONC  tTS   {.KMCTU. 

Our  information  concerning  the  conrluction  of  impulsi 
the  spinal  conl  is  derived  partly  from  experiment  and  pAt 
pathological  oljsen'ation.  Both  these  methods  have  tlieii 
tages  and  disadvantages.  In  experiments  there  is  danger 
founding  the  immediate  and  temporary  effects  of  the  op 
such  as  those  produced  by  shock,  with  the  more  real  and 
effects.  It  is  difficult  too  in  such  cases  to  determine 
istence  of  sensations,  and  to  distinguish  between  reflex  an 
voluntary  movements.  In  pathological  cases  wc  have  the 
tage  of  being  able  clearly  to  define,  sensation  and  volit 
ibis  is  frequently  more  than  counterbalanced  by  the  difTus 
of  the  injury  or  disease,  and  the  want  of  exact  anatomica 
cation.  When  these  facts  are  borne  in  mind,  it  will  e 
understood  that  io  no  part  of  physiology  arc  the  statem 
investigators  more  conflicting  and  unsatislactory. 

According  to  the  views  put  forward  by  Brown >S^qua 
others,  transverse  division  of  the  lateral  half  of  the 
fallowed  on  the  same  side,  below  the  injury,  by  loss  of  v 
movement,  accompanied,  not  by  loss  of  sensation, 
hyperaesthcsia,  and  on  the  opposite  side  by  loss  of  s 
without  any  affection  of  voluntary  movement ;  whereas 
tudinal  nu^lian  incision  through  the  cord  causes  on  bot 
loss  of  sensation  in  an  area  corresponding  to  the  length 
incision,  without  any  impairment  of  voluntary  movement* 
is  to  say^  sensory  impulses  entering  into  the  cord  at  its 
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fool  immediately  cross  lo  th  *  other  sitle  of  the  cord  aiid  so 
&sccnci  to  the  brain,  whereas  eA'crenl  impulses  of  volition,  though 
they  cross  in  the  region  of  the  medulla  oblongata  or  higher  up 
(and  hence  in  cases  of  paralysis  from  cerebral  mischief,  the  right 
sitle  loses  the  power  of  volunury  movement  when  the  left  hemi- 
sphere is  affected,  and  vi^f  ttrsa)^  keep  to  the  same  side  of  the 
cord  along  its  whole  length.  The  paths  may  be  somewhat  more 
closely  defined  by  stating  that  the  sensory  impulses  pass  from  the 
posterior  roots  along  a  certain  length  of  the  posterior  columns, 
and  then  cross  over  lo  the  grey  matter  of  the  opposite  side,  in 
which  they  ascend  to  the  brain,  while  volitional  impulses,  having 
crossed  in  the  pons  Varolii  and  medulla  oblongata  before  their 
entrance  into  the  cord,  descend  in  die  antero-lateral  columns, 
keeping  to  the  same  side  throughout,  and  leave  the  cord  by  the 
anterior  roots.  According  to  Vulpian  •  and  others,  the  volitional 
impulses  arc  confined  in  the  cervical  region  to  the  lateral  columns, 
though  in  the  dorsal  and  lumbar  regions  they  travel  in  the  anterior 
columns  as  well,  and  the  decussation  is  not  confined  to  or  com- 
pleted in  the  region  of  the  medulla,  but  is  continued  some  way 
down  ;  and  similarly  the  decussation  of  Uie  sensory  impulses  it 
nut  sudden  but  gradual,  so  that  section  of  a  lateral  half  of  the 
cord  atfccts  sensation  on  both  sides,  though  roost  on  the 
opposite  side. 

Schitf,  and  others  with  him,  make  a  distinction  between  the 
conduction  of  distinct  tactile  sensations  and  that  of  general 
sensibility,  as  well  as  between  the  conduction  of  volitional  im- 
]iulses  and  that  of  impulses  merely  fonning  part  of  a  reflex  action* 
They  Kohl  that  purely  volitional  impulses  pass  exclusively  along 
the  antero^lateral  columns,  and  purely  tactile  sensations  along  the 
IKJsierior  columns  of  the  same  side,  and  that  the  grey  matter  is 
capable  of  transmitting  in  all  dirt^ions  such  aifereot  impulses  as 
only  give  rise  to  affections  of  general  sensibility,  and  such  etTcrent 
impulses  as  are  parts  of  reflex  actions.  Hence,  according  to 
them,  when  at  any  part  of  the  cord  the  continuity  of  the  white 
matter  is  wholly  broken,  so  that  the  parts  above  the  injury  r.re 
connected  with  those  below  by  grey  matter  only,  tactile  sensa- 
tions and  voluntary  movements  are  entirely  absent  in  the  parts 
below  the  injury,  though  violent  stimulation  of  those  parts  will 
give  rise  to  pain,  and  reflex  actions  in  them  may  be  induced  by 
stimuli  appbed  to  parts  above  the  injury.  Conversely,  when  at 
any  point  the  grey  matter  is  destroyed  but  the  white  left  intact, 
voluntary  movements  and  tactile  sensations  remain  in  the  parts 
below  the  injury,  though  even  violent  stimuli  applied  to  Uiose 
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parts  give  rise  to  no  pain^  and  reflex  actions  cannot  be  im 
in  them  by  stimuli  applied  lo  the  parts  above  the  scat  of  inj 

Schiff*  states  that  when  in  any  part  of  the  cord  the  po 
columns  only  are  left,  all  the  rest  of  the  white  and  the  grey 
being  removed,  tactile  sensations  remain  though  no  pain  in  felt ; 
is  analgesia  but  not  anaesthesia ;  a  rabbit  thus  operated  on  is 
awakened  for  a  moment  from  sleep  (artiticially  induced  by  bio 
when  the  hiod  limbs,  or  parts  below  the  seat  of  injury,  are 
lightly  touched,  but  exhibits  no  sign  of  pain  when  the  nerves  a 
bare  and  pinched,  or  when  needles  are  driven  through  the  skin. 
CKperiment  however,  on  which  SchifT  rests  his  theor>-  of  ana 
does  not  prove  the  existence  of  tactile  sensations  ;  it  simply 
that  a  peculiar  condition  may  be  brought  about  in  which  a  s 
impulse  produces  a  maximum  initial  result  and  then  ceases  t< 
any  effect.  The  animal  moved  at  every  fresh  stimulus,  whether 
or  strong,  whether  applied  to  the  skin  or  to  a  bare  nerve,  but  aft 
first  explosion  the  central  organs  concerned  in  the  matter,  wh 
they  were,  appeared  to  be  exhausted.  The  condition  is 
remarkable  one,  and  may  bear  many  interpretations. 


To  make  these  views  logically  complete,  we  must  i>uppo« 
after  section  of  a  lateral  half  of  the  cord,  tactile  sensatio 
voluntary  movements  would   be  entirely  lost   on  the    same 
belovv  the  seat  of  injury,  but  that  pain  would  still  be  felt, 
parts  would  still  be  ca|>able  of  being  thrown  into  movenaen 
reflex  action. 

Such  are  the  two  chief  opinions  held  on  this  subject,  and  i 
be  confessed  that  neither  is  satisfactory.  Much  confusion  has  pro 
arisen  from  different  kinds  of  animals  being  u>ed,  and  different 
of  the  cord  operated  on,  and  from  the  want  of  a  searching  i 
SGopic  examination  of  the  results  of  the  various  operations.  * 
objections  cannot  be  urged  against  the  inquiries  of  Miescher' 
Woroschiloff^  in  so  far  as  their  experiments  were  all  conduct 
rabbits,  and  on  the  same  dorsal  part  of  the  cord.  Miescber 
that  the  afferent  impulses  which,  starting  from  the  sciatic  oc 
traveUing  up  to  the  medulbry  vaso-motor  centre,  caused  a  n 
blood-pressure  by  acting  on  that  centre,  passed  almost  excJusiv 
die  lateral  columns.  When  one  lateral  column  was  divided,  sti 
tionof  either  sciatic  produced  much  less  than  the  normal  effect ; 
both  columns  were  divided^  no  effect  at  all  was  produced.  When 
the  lateral  columns  were  left,  the  other  parts  being  destroys 
vaso-motor  influences  of  the  sciatic  stimulation  ap|>earcd  to  be 
normal  From  which  it  would  appear  that  afferent  impuUes,  s\u 
affect  the  vaso-motor  centre,  pass  from  one  sciatic  up  //of A  I, 
columns;  and  Miescher  came  lo  the  conclusion  that  they  pa 

•  Lehrb.,  p.  25J.  •   Ludwig's  ^r^V^,  1870,  jx1 

J  md.  1874,  p.  99. 
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00  the  opposite  ihan  on  the  same  std<^  He  also  thought  that  im- 
pulses coming  from  more  distant  parts  travelled  more  tu  the  outside 
of  the  columns  than  those  from  nearer  parts.  It  need  hiirdly  be  urged 
that  one  set  of  experiments  of  this  kind^  the  result  of  which  ran  be 
detinacly  stated  m  millimetres  of  mercury,  as  measurements  of  the 
rise  of  blood-prcsaure,  are  worth  a  score  of  others,  in  which  trust  has 
to  be  pbccd  in  variable  and  illusory  signs  of  sensation.  On  the  other 
hand)  it  is  obvious  that  the  path  of  the  afferent  impulses  which  affect 
the  vaso-motor  centre  might  be  quite  dtflfercnt  from  that  of  the  afferent 
impulses  giving  rise  to  sensations.  Wurosi'hiloiT  however  has  repeated 
Miescher  s  experiments,  using  the  ordmary  signs  of  sensation  instead 
of  blood-pret^sure,  and  has  come  tu  the  conclusion  that  both  the 
aiTerent  impulses,  whicht  starting  in  the  hind  limbs,  give  rise,  either 
by  developing  into  sensations  or  by  origin  ting  reflex  actions,  to 
movements  m  the  head  and  fore  limbs,  and  the  efferent  impulses, 
which,  starting  in  the  brain  or  upper  part  of  the  spinal  cord,  ciLhcr  by 
volition  or  as  the  result  of  stimulation,  produce  movements  in  the  hinil 
Limbs,  pass  also  exclusively  through  the  lateral  columns.  The  course 
of  the  afferent  impulses  differs  however  from  that  of  the  efferent 
impulses,  in  so  far  that  the  former  cross  over  largely  from  one  side  of 
the  cord  to  the  other,  while  the  latter,  though  they  also  cross,  do  so  to 
a  small  extent  only.  The  results  of  both  these  inquirers  then  lead  to 
the  conclusion,  that  in  the  dorsal  spinal  cord  of  the  rabbit  the  lateral 
columns  form  the  chief  bridge  between  the  fore  and  hind  part  of  the 
body  for  the  conduction  of  impulses  of  all  kinds. 

We  must  of  course  be  eautious  in  inferring  that  what  has  been 
found  to  be  tnic  of  the  dorsal  cord  is  also  true  of  other  parts  of  the 
cord ;  still  the  experimental  results  just  described,  when  compared 
with  the  anatomical  facts  mentioned  at  p.  612,  with  which  they 
wonderfully  agree,  enable  us  perhaps,  to  a  certain  extent,  to  ralcr^ret 
the  observations  of  others  in  some  such  way  as  follows.  In  the  hrst 
place,  if  there  be  any  truth  in  our  interpretation  of  the  phenomena  of 
strychnia  poisoning,  the  grey  matter  must  be  physiologically  con- 
tinuous, and  a  stimulus  of  sufficuni  strength  may  cause  impulses  to 
travel  in  every  direction  along  its  whole  length.  In  the  second  place, 
this  protoplasmic  network  is  mari;ed  out  by  barriers  of  resistance  into 
nervous  mechanisms  for  the  carrying  out  of  coordinated  muscular 
movements  and  for  the  association  of  afferent  impulses  with  these 
movements.  If  we  suppose,  as  wc  have  already  urged,  that  vi»lition 
makes  use  of  these  already  existing  mechanisms  instead  of  requiring 
separate  coordinating  mechanisms  in  many  respects  exaaly  like  them, 
we  should  expect  to  find  that  a  volitional  impulse,  tending  towards 
any  movement,  in  descending  from  the  brain,  passes  into  the  grey 
matter  of  the  cord,  at  the  spot  where  the  appropri.iie  mechinism 
exists,  before  it  emerges  in  the  anterior  root ;  and  conversely,  that  an 
affercot  impulse  passes  first  into  the  mechanism,  with  which  it  is 
naturally  associated  for  the  production  of  the  frequently  occurring 
reflex  action,  before  it  travels  up  to  the  brain  by  some  tract  more 
direct  than  the  grey  matter.  And  we  should  look  also  for  simiiir 
arrangements  connecting  any  group  of  nerves,  not  only  with  the  brain, 
but  with  distant  parts  of  the  cord.     In  harmony  with  these  funcu<ii\^V 
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requirements  we  should  be  prepared  to  find  that  the  entra 
large  group  of  nenes  into  the  spfnal  cord  was  assoriated  yrtt 
development  of  grey  matter  for  the  local  coordinating^  mr 
and  with  a  corresponding  increase  of  certain  parts  of 
matter,  whose  function  was  to  bring  these  mecJianisms  into  c 
with  both  the  atfercnt  and  efifereni  ncrv^es  ;  on  the  atha 
should  expect  to  find  that  the  longitudinal  connecting  tracts 
matter  would  stead ih-  increase  from  below  upwards^  inasnn 
larger  and  larger  number  of  mechanisms  had  to  be  conn< 
the  brain^  though  the  increase  would  not  be  so  rapid  or 
that  of  the  united  sectional  areas  of  the  nerves,  since  so 
these  connecting  tracts  would  serve  to  conmect  distant  po] 
spinal  cord  itsel  .  In  other  words,  we  should  anticipate  som 
anatomical  variation  of  the  cord,  as  we  actually  do  find 
case  :  the  grey  matter  varying  directly  in  proportion  to  ti 
entering  into  it  (Figs.  62,  64),  and  the  anterior  and  posterior 
following  the  grey  matter  very  closely  (Figs,  66,  67),  while  tl 
columns  ( Fig.  65),  though  not  exactly  parallel  to  the  united 
areas  of  the  nerves  (Fig*  63),  steadily  increase  from  below  a| 
For  the  present  wc  may  be  content  with  some  such  gener 
tion  as  the  above,  but  we  already  possess  the  beginnings 
exnct  analysis.  The  Wallerian  method  has  been  apphed  to 
cord  with  some  striking  results.  Tiirck*  lon^  ago  s" 
cascii  of  disease  of  the  brain  certain  definite  tracts  of 
nerves  may  be  traced  downwards  along  the  spinal  cord  i 
and  lateral  columns,  while  in  cases  of  localized  f^i-^  .1  -if 
tracts  appear  above  the  seat  of  disease  in  the  i  1 

columns.     Similar  results  have  been  obtained  by  ,    . 

and  Schiefferdecker',  studying  with  care  the  condition  of 
consequent  upon  its  complete  division  at  any  point  (chi 
junction  of  the  lumbar  and  dorsal  regions),  finds  tracts  of  dcf 
fibres  which  run  fi^ov/r  the  *ieat  of  injury  chiefly  in  the  post 
also  to  a  less  extent  in  the  hinder  circumfcrentjal  parts  of  t 
columns,  and  d^/cnu  the  seat  of  injury  in  the  anterior  column! 
scattered  bundles  in  the  lateral  columns.  The  former,  havi 
*  trophic  centres'  below,  may  be  regarded  ai  fibres  carrying 
upward,  the  latter  as  carrying  impulses  dowTiwards  ;  both 
abundant  in  the  immediate  neighbourhood  of  the  cicatrix  w 
cord  was  divided,  and,  though  they  may  be  traced  a  long  H'ay 
respective  directions,  diminish  more  or  less  gradually.  Th< 
may  fairly  be  taken  as  shewing  that  a  region  of  the  spinal 
connected  by  afferent  fibres  with  regions  higher  up,  and  by 
fibres  with  regions  lower  down,  the  fibres  running  in  the 
scribed  above  ;  but  it  would  be  hazardous  to  venture  a  moi 
opinion  as  to  the  exact  function  of  the  respective  tracts  1 
knowledge  of  similar  degenerations  has  been  greatly  cnlaiTged, 
ferdecker  is  himself  struck  by  the  fact  that  the  great  masj 
lateral  columns  is  unaffected  by  the  section  ;  this  be  expUi 

■'   H^i^,  Siisttn^herkkt,  Rd.  vt.  {1851). 
*  Virehow's  AnAru,  13d,  67  {1^76),  p.  543. 
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hypothcits  that  the  larger  number  of  the  fit>res  of  these  columns 
bcin^'  connected  ai  boih  ends  with  homologous  nerve-cells,  conduct 
eqiuilly  in  both  dire  tions,  and  hold  both  their  terminal  cells  ais  *  trophic 
centres/  so  that  vhen  they  are  cut  off  from  the  one  set  they  can  still 
depend  on  the  other,  Flcchsig "  has  obtained  some  noteworthy  results 
by  the  embr>ological  method.  Observmg  that  the  fibres  of  different 
tracts  acquire  their  medullary  sheaths  at  different  times,  he  has  been 
enabled  to  diilerentiate  the  longitudinal  fibres  of  the  spinal  cord  into 
separate  tracts,  some  of  which  appear  to  pass  on  into  or  down  from 
the  crura  cerebri,  some  to  end  or  begin  in  the  medulla  oblongata,  and 
others  to  end  and  begin  in  the  spinal  chord  itself.  Hi^  results  in 
many  points  coincide  with  those  of  Turck  and  Schiefferdeckcr,  and  in 
.*omc  respects  arc  inconsistent  with  the  general  view  given  above ;  but 
further  inquiries  are  necessary  before  these  various  anatomical  data 
and  the  results  of  physiological  experiment  and  observation  can  be 
united  in  a  consistent  exposition. 

In  an  ordmary  st:Ue  of  things,  with  the  cord  quite  intact,  wc  should 
expect  to  find  that  both  voluntary  and  sensory  impulses  spmad  into 
the  grey  matter  as  little  as  was  consistent  with  their  due  propagation, 
and  that  tliey  passed  chiefly  along  their  own  side  ;  but  we  cm  abo 
readily  imrigine  that  when  the  ordmary  tracts  were  interfered  with,  as 
ifttf  section  of  the  white  matter,  powerful  impulses  (and  these  would 
nanirally  be  sensory  ones,  since  the  generation  of  sensory  but  not  of 
volitional  impulses  is  in  the  hands  of  the  experimenter,  and  moreover 
is  of  almost  unlimited  range)  might  spread  in  many  directions  over 
the  grey  matter.  Such  errant  impulses  would  of  necessity,  when  they 
reached  the  conscious  centre,  appear  not  as  tactile,  but  simply  as  the 
diffused  sensations  which  we  call  p:iin.  Hence  it  would  be  said  that 
the  grey  matter  conveyed  the  sensory  impulses,  not  of  touch,  but 
of  pAin. 

Moreover  we  must  bear  in  mind  that  the  barriers  of  resistance  in 
tlie  protoplasm  of  the  grey  matter  arc  not  wholly  even  if  largely 
structural.     W«  have  seen  that  the  whole  cord  may  be  inhibiied   in 
reference  to  rrflrx  action,     'i'his  total  inhibition  is  probably  mnde  up 
of  individual  inhibitions  ;  and  in  studying  the  effects  of  section  or 
injury  of  the  spinal  cord  we  must  bear  in  mmd  that  the  change  caused 
by  the  oper.uion  most  prob.ibly  affects  the  transmission  of  impulses, 
not  only  ncgati>cly  by  breaking  down  accustomed   tracts,  but  also 
]K>sitivcly  by  altering  the  action  of  inhibitory  impulses,     We  have  in 
all  probability  an  instance  of  this  in  the  remarkable  hypecsesthesia 
which  is  a  constant  effect  of  a  lateral  section  of  the  cord.     Since  it 
apjKjars   immediately  after  the  operation,  it  cannot  be  due  to   any 
intldinmatory  process.     Nor  can  it  be  explained  as  simply  the  result 
of  the  increa«:d  supply  of  blood  to  the  peripheral  teriuinitions  of  the 
sensor>' ncr  "         ■     cd  by  the  section  invo! '—^  .->...  ...,.», v-  fr,,t.. 

since  the  uon  of  a  vaso- motor  ir  I 

sympathct.-  .     .  .    .cd,  does  not  give  rise  to  h , ,  -  ^  ti 

wc  explain  it  as  due  to  r  one-sided  hyperharmia  or  the  spinal  cord 

■  Pit  JJihtttL'sAaAtu  im  Ctktrn  unJ  KUiktumark  dis  Mrmchfrn^ 


630 


CONDUCTION  OF  IMPULSES. 


itself,  for  we  have  no  evidence  that  such  a  state  of  things 
about.  Since  it  lasts  for  a  very  considerable  time  it  cannot 
any  passing  exciting  effect  of  the  optration.  In  the  frog^  a 
section  of  the  cord  below  the  brachial  plexus,  this  bypei 
manifested  by  increased  reflex  movements  occtirring  in  the 
as  well  as  in  the  upper  when  the  lower  limbs  are  sti 
when  the  hcmisection  is  converted  into  a  complete  sect! 
aesthesia  still  remains  in  both  lower  limbs,  but  it  is  then 
simply  as  increased  reflex  action,  due  to  the  isolation  of 
cord  from  an  inhibitory  centre  placed  higher  up.  In  th 
according  to  WoroschiloflT,  hypcrsesthesia,  after  haemisecli 
dorsal  cord,  manifests  itself,  not  so  much  in  increased  reflex 
the  lower  limbs  as  in  increased  movements  of  the  upper 
body  when  a  stimulus  is  applied  to  the  lower  limbs.  Thi 
interpreted  as  indicating  that  in  the  rabbit  the  hetni section 
inhibitory  influences  which  previously  were  checking  not 
so  to  speak  direct  reflex  conversion  of  afferent  into  eflfe 
as  the  propagation  of  the  aflercnt  impulses  to  higher  parts 
cord  and  so  upwards  to  the  brain.  We  have  already  insist 
probable  complexity  of  the  central  processes  involved  in  a  Fe^« 
of  even  the  simplest  kind.  And  of  the  long  chain  of  molecuh 
intervening  in  the  central  (reflex)  mechanism  between  the  a 
die  simple  afferent  impulse  and  the  issue  of  the  simple  eflei 
pulses^  we  may,  without  too  great  a  presumption,  suppose  thl 
on  what  we  may  call  the  afferent  side  of  the  chain  might  be 
by  extrinsic  (inhibitory  or  other)  influences  more  than  those 
efferent  side  or  than  those  more  central  ;  and  t-'/Vy  versa, 
adopting  the  view  already  urged,  that  the  spinal  mechanism; 
serve  for  reflex  actions  are  also  the  instruments  of  the  hij>hcr  ( 
operations,  the  afferent  side  of  the  mechanism  being  more  cs 
connected  with  sensation,  and  the  efferent  with  volition,  we 
possibility  of  the  removal  of  certain  inhibitory  influences  manJ 
itself  especially  as  an  apparent  increase  of  sensibility.  And  thi 
rally  would  occur  more  readily  in  the  rabbit,  where  the  reflex 
of  the  cord  arc  so  largely  subordinated  to  the  operations  of  th 
than  in  the  frog,  where  they  still  retain  so  mach  of  their  pr 
independence.  When  the  section  passes  through,  the  whol 
mstcad  of  half,  the  absence  of  inhibition  can  of  course  only  be 
by  increased  reflex  action  in  both  cases.  When  these  obscure 
tory  mechanisms  have  been  more  completely  worked  out,  many 
at  present  discordant  results  of  operations  and  injuries  will  pr 
be  explained  away. 

Much  discussion  has  arisen  on  the  question  whether  the 
cord  itself  is  irritable,  that  is  whetlier  it  can  be  excited  by  i 
applied  directly  to  it.     Undoubtedly,  the  cord,  as  a  whole,  is 
ble  ;  if  two  electrodes  be  plunged  into  it,  and  a  current  sent  th 
it,  muscular  movements,  arterial   constriction,  and  other 
follow.     But  in  such  a  case,  the  current  may  fkll  into  ncrvi 
which  are  as  irritable,  at  least,  as  the  nen-'e  trunks.     But  e 
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the  nerve-roots  be  eliminated,  the  white  matter  at  least  is  irritable ; 
for  Fick  and  Engelken'  t'ound  that  movements  resulled  wlien  the 
ajiterior  columns  vvere  isolated  for  some  way  down  and  stimulated 
with  an  electric  cunent.  With  regard  to  the  grey  matter  Van  Deen 
and  Schiff  maintain  that  though  it  will  convey  both  motor  and 
sensory  impulses,  it  cannot  originate  them.  They  speak  of  it 
accordingly  as  kinesodU  and  astfusodiCy  as  simply  affording  paths 
for  motor  and  sensory  impulses.  But  their  arguments  cannot  be 
regarded  as  conclusive,  and  Miescher"  found  that  when  after  division 
of  the  spinal  cord  he  removed  the  posterior  columns  for  a  certam 
distance,  so  as  to  get  rid  of  all  afferent  nerve-hbres,  the  exposed 
grey  matter,  as  tested  by  the  effects  on  biood-fjressure,  still 
remained  sensitive,  especially  to  mechanical  stimulation. 


*  Du  Bou-Reymond'a  Arthiv^  1867.  p«  198.     Pfliiger's  Aixkiv^  11.  (1869), 
P  4»4^ 
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Sec.  I.  On  the  Phenomena  exhibited  by  an  Animal  depej^tu 
OF  ITS  Cerebral  Hemispheres, 

A  FROG  from  which  the  cerebral  lobes  have  been  removed,  cm 
though  all  the  rest  of  the  brain  has  been  left  intact,  seems  lo  pc>k«» 
no  volition.  The  apparently  spontaneous  movements  v>^h 
executes  are  so  few  and  seldom  that  it  b  much  more  ran  ; 
attribute  those  which  do  occur  to  the  action  of  some  stimulus  whwi 
has  escai)ed  observation,  than  to  suppost  that  they  are  the  pwodoco 
of  a  will  acting  only  at  long  intervals  and  in  a  feeble  manner. 

By  the  application  however  of  appropriate  stimuli^  such  bo 
animal  can  be  induced  to  perform  all  the  movements  which  a 
entire  frog  is  capable  of  executing.  It  can  be  made  to  s^uu,  ro 
leap,  and  to  crawl.  When  placed  on  its  back,  it  imniirdu^elf 
regains  its  natural  position.  When  placed  on  a  board,  it  d-  -  ' 
fall  from  the  board  when  the  latter  is  tilted  up  so  as  todis]- 
animal's  centre  of  gravity  :  it  cmwls  up  the  board  until  U 
new  position  in  which  its  centre  of  gravity  is  restored  to  ir> 
place.  Its  movements  are  exactly  those  of  an  entire  frog  r\.  .^n 
that  they  need  an  external  stimulus  to  call  them  forth.  They 
inevitably  follow  when  the  stimulus  is  applied  ;  they  come  to  an 
end  when  the  siiniulus  ceases  to  act.  By  continually  varying  the 
inclination  of  a  bt)ard  on  which  it  is  placed^  the  frog^  may  be  nude 
to  continue  crawling  almost  indefinitely;  but  directly  the  board  16 
made  to  assume  such  a  position  that  the  body  of  the  frog  is  in 
equilibrium,  the  crawling  ceases ;  and  if  the  p>osition  be  not 
disturbed  the  animal  will  remain  impassive  and  quiet  for  an  aloo^^t 
milefinite  time.  When  thrown  into  water,  the  creature  begins  it 
once  to  swim  about  in  the  most  regular  manner,  and  will  continue 
lo  swim  till  it  is  exhausted,  if  there  be  nothing  present  on  which  it 
can  come  to  rest.     If  a  small  piece  of  wood  be  placed  on  tii0 


CHAP.  VL] 


THE  BRAIN. 


623 


water  the  frog  will  when  it  comes  in  contact  with  the  wood  crawl 
upon  it,  and  so  come  to  rest.  Such  a  frog,  if  its  tUnks  be  gently 
stroked,  will  croak  ;  and  the  croaks  follow  so  regularly  and  surely 
upon  the  strokes  that  the  animal  may  atraosl  be  played  upon  hke  a 
musical  instrument.  Moreover,  the  movements  of  the  animal  are 
influenced  by  light ;  if  it  be  urged  to  move  in  any  particular  direction 
h  will  avoid  in  its  progress  objects  casting  a  strong  shadow,  In 
feet,  even  to  a  careful  observer  the  differences  between  such  a  (ton 
and  an  entire  frog  which  was  simply  very  stupid  or  very  obstinate, 
would  appear  slight  and  ummportant  except  in  one  pomt,  vii,  that 
the  animal  without  its  cerebral  hemispheres  was  obedient  to  every 
stimulus,  and  that  each  stimulus  evoked  an  appropriate  movement, 
whereas  with  the  entire  animal  it  would  be  impossihic  to  predict 
whether  any  result  at  all,  and  if  so  what  result,  would  follow  the 
application  of  this  or  that  stimulus.  Iloth  are  machines  ;  but  the 
one  is  a  machine  and  nothing  more,  the  other  is  a  machine 
governed  and  checked  by  a  dominant  volition. 

Now  such  movements  as  crawling,  leaping,  swimming,  and 
indeed,  to  a  greater  or  less  extent,  all  bodily  movements,  are 
carried  out  by  means  of  coordinate  nervous  motor  im|)ulses, 
influenced,  arranged,  and  governed  by  coincident  sensory  of 
affcreni  impulses.  VVc  have  already  seen  that  muscular  move- 
ments are  determined  b)  the  muscular  sense;  they  are  also 
directed  by  means  of  sensory  impulses  passing  ceniripetally  Along 
the  sensor)*  nerves  of  the  skin,  the  eye,  the  ear,  and  other  oPcj.ins. 
Independently  of  the  afferent  impulses,  which  acting  as  a  stimulus 
call  forth  the  movement,  all  manner  of  other  afferent  impulses  are 
concerned  in  the  generation  and  coordination  of  the  resultant 
motor  impulses.  Every  bodily  movement  such  as  those  of 
which  we  are  speaking  is  the  work  of  a  more  or  less  compli- 
cated nervous  mechanism,  in  which  there  arc  not  only  central 
and  efferent,  but  also  afferent  factors.  And,  putting  aside  the 
question  of  consciousness,  with  which  we  have  here  no  occasion 
to  deal,  it  is  evident  that  in  the  frog  deprived  of  its  cerebral 
hemispheres  all  these  factors  are  present,  the  afferent  no  less  than 
the  central  and  the  efferent  The  machinery  for  all  the  necessary 
and  usual  bodily  movements  is  present  in  all  its  completeness. 
The  share  therefore  which  the  cerebral  hemispheres  take  in 
executing  the  movements  of  which  the  entire  animal  is  capable, 
is  simply  that  of  putting  this  mcuhintry  into  action.  The  ru'lation 
whicli  the  higher  nervous  changes  concerned  in  volition  bear  to 
this  machinery  is  not  unlike  that  of  a  stimulus,  Wc  might 
almost  speak  of  the  will  as  an  intrinsic  stimulus.  Its  opemtioits 
are   Umited   by  the  machinery  at  its  comnuuid.     The   cerebral 
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hemispheres  in  their  action  can  only  give  shape  lo  i  boc^f 
movement  by  throwing  into  activity  particular  parts  of  u 
nervous  machinery  situated  in  the  lower  encephalic  stniolam, 
and-  precisely  the  same  movement  may  be  initiated  in  lhc« 
absence,  uy  applying  such  stimuli  as  shall  throw  predddy  the 
same  parts  of  that  machinery  into  the  same  activity* 

Very  marked  is  the  contrast  between  a  frog  which,  ihoc^ 
deprived  of  its  cerebral  hemispheres,  still  retains  the  opiic  tobe^ 
cerebellum  and  medulla  oblongata,  and  one  which  possesses  i 
spinal  cord  only.  The  latter  when  placed  on  its  back  makes  tto 
attempt  to  regain  its  normal  position;  in  fact,  it  may  be  said  to 
have  completely  lost  its  normal  position,  for  even  wh'  ' 

its  feet  it  does  not  stand  with  its  fore  feet  erect,  as  do 
animal,  but  lies  flat  on  the  ground.      When  thrown  mio  wuct, 
instead  of  swimming  it  sinks  like  a  lump  of  lead.     Wlien  ritnchci 
or  otherwise  stimulated,  it  does  not  crawl  or  leap  J  \t 

simply  throws  out  its  limbs  in  various  ways-      When   it  rt 

stroked  it  does  not  croak ;  and  when  a  board  on  which  it  ii 
placed  is  inclined  sufficiently  to  displace  its  centre  of  grarrtr 
it  makes  no  effort  to  regain  its  balance,  but  falls  off  the  boui 
like  a  lifeless  mass.  Though,  as  we  have  seen,  there  b  in  ill 
parts  of  the  spinal  cord  of  the  frog  a  large  amount  of  coordinatinf 
machinery,  it  is  evident  that  a  great  deal  of  the  more  con  '  - 
machiner)'  of  this  kind,  especially  all  that  which  has  to  dc j 
the  body  as  a  whole,  and  all  that  which  is  concerned  with  • 
brium  and  is  specially  governed  by  the  higher  senses,  is  ^  - 
not  in  the  spinal  cord  but  in  the  brain  and  medulla  oblonB\u.'w 
We  shall  presently  see  that  in  the  frog  a  great  deal  of  tins  more 
complex  machinery  is  concentrated  in  the  optic  lobes.  The 
point  however  to  which  we  wish  now  lo  call  special  attentiao 
is  that  the  nervous  machinerj'  required  for  the  execution,  » 
distinguished  from  the  origination,  o(  bodily  movements  even 
of  the  most  complicated  kind,  is  present  after  complete  reroovil 
of  the  cerebral  hemispheres,  though  these  movements  onay  require 
the  cooperation  of  highly  differentiated  afferent  impulses'. 

Our  knowledge  of  the  phenomena  presented  by  the  bird  cc 
mammal  from  which  the  cerebral  hemispheres  have  been  rema*^ 
is  not  so  exact  as  in  the  case  of  the  frog.  We  may  however  assert 
that  volition  is  absent,  though  movements  apparently  spontaneoai 
in  character  are  more  common  with  the  mammal  than  vrir^  ••■' 
frog,  as  might  be  expected,  seeing  that  the  more  coraj^:: 
brain  of  the  former  affords,  even  in  the  absence  of  the  cerer^i^ 
hemispheres,  much  more  opportunity  for  the  origination  ai 
*  Cf .  Qohzt  Function^n  d.  Ntrvemtntrm  des  Frosehes^  1S69. 
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Stimuli  within  the  nervous  system  itself,  and  for  the  play  of 
stimuli  however  originating,  than  does  that  of  the  latter. 

When  the  cerebral  hemispheres  are  removed  from  a  bird  the 
animal  is  able  to  maintain  a  completely  normal  posture,  and  that 
too  when  the  corpora  striata  and  optic  thalami  are  taken  away  at 
the  same  lime  It  will  balance  itself  on  one  leg,  after  the  fashion 
of  a  bird  which  has  in  a  natural  way  gone  to  sleep.  In  fact,  the 
appearance  and  behaviour  of  a  bird  which  has  been  deprived  of 
its  cerebral  hemispheres  are  strikingly  similar  to  those  of  a  bird 
sleepy  and  stupid.  Left  alone  in  perfect  quiet,  it  will  remain 
impassive  and  motionless  for  a  long,  it  may  be  for  an  almost 
indennile  time.  When  stirred  it  moves,  shifts  its  position ;  and 
then  on  being  left  alone  returns  to  a  natural,  easy  posture.  Placed 
on  its  side  or  its  back  it  will  regain  its  feet ;  thrown  into  the  air, 
it  flies  with  considerable  precision  for  some  distance  before  it 
returns  to  rest  It  frequently  tucks  its  head  under  its  wings,  and 
if  by  judicious  feeding  it  has  been  kept  alive  for  some  time  after 
the  operation,  it  may  be  seen  to  clean  its  feathers  and  to  pick  up 
corn  or  to  drink  water  presented  to  its  beak*.  It  may  be  induced 
to  move  not  only  by  ordinary  stimuli  applied  to  the  skin,  but  also 
by  sudden  sharp  sounds,  or  flashes  of  light ;  and  it  is  evident  that 
its  movements  are  to  a  certain  extent  guided  by  visual  sensations, 
for  in  its  flight  it  will,  though  imperlectly^  avoid  obstacles.  Save 
that  ail  signs  of  distinct  volition  are  absent,  that  all  satisfactory 
indications  of  intelligence  are  wanting,  and  that  the  movcmcnti 
are  on  the  whole  clumsy,  resembling  rather  those  of  a  stupid 
drowsy  bird  than  those  of  one  quite  wide  awake,  there  is  very 
little  to  distinguish  such  a  bird  from  one  in  fuU  possession  of  its 
cerebral  hemispheres. 

Even  in  a  mammal,  during  the  few  hours  which  intervene 
between  the  removal  of  the  hemispheres  and  death,  very  much 
the  same  phenomena  may  be  observed.  The  rabbit,  or  rat, 
operated  on,  can  stand,  run  and  leap ;  placed  on  its  side  or  back 
it  at  once  regains  its  feet.  Left  alone,  it  remains  as  motionless 
and  impassive  as  a  statue,  save  now  and  then  when  a  passing 
impulse  seems  to  stir  it  to  a  sudden  but  brief  movement.  Such 
a  rabbit  will  remain  for  minutes  together  utterly  heedless  of  a 
carrot  or  cabbagedeaf  placed  just  before  its  nose,  though  if 
a  morsel  b<:  placed  in  its  mouth  it  at  once  begins  to  gnaw  and 
eat.  When  stirred,  it  will  with  p>eifect  case  and  steadiness  run  or 
leap  forward ;  and  obstacles  in  its  course  are  very  frequently,  with 
more  or  less  success,  avoided.     It  will  often  follow  by  movcrocntB 

•  BiHchoflr  and  Voit,  Sitxun^hcrUkit  Arad,  IViu.  Munthm^  1863,  pp.  479^ 
469;  i8^>8.  p.  105. 
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of  the  head  a  bright  light  held  in  front  of  it  (provided  thci  te 

optic  nerves  and  tracts  have  not  been  injured  during  the  opc»> 
tion),  and  starts  when  a  shrill  and  loud  noise  is  made  near  tU 
When  pinched  it  cries,  often  with  a  long  and  seemingly  plaintiTf 
scream.  Evidenily  its  movements  are  guided  and  may  be  origi* 
natcd  by  tactile,  visual,  and  auditory  stnsa/wrts  ■,      i  re  is  no 

evidence  that  it  possesses  either  visual  or  other  /^  j,  whik 

there  is  almost  clear  proof  that  the  sensations  it  expericuces  gtre 
rise  to  no  ideas.  Its  avoidance  of  objects  depends  not  so  notidi 
on  the  form  of  these  as  on  their  interference  wiih  light  Ko 
image,  whtther  pleasant  or  terrible,  whether  of  tbod  or  of  an 
enemy,  produces  an  effect  on  it,  other  than  that  of  an  object 
reflecting  more  or  less  lighL  And  though  the  plaintive  character 
of  the  cry  which  it  gives  forth  when  pinched  suggests  to  the 
observer  the  existence  of  passion,  it  is  probable  that  this  is 
a  wrong  interpretation  of  a  vocal  action ;  the  cry  appears  plain* 
live  simply  because,  in  consequence  of  the  completeness  of  the 
reflex  nervous  machinery  and  the  absence  of  the  usual  restraiDiz, 
it  is  prolonged.  The  animal  is  able  to  execute  all  its  ordinary 
bodily  movements,  but  in  its  perlorraances  nothing  is  ever  seen  to 
indicate  the  retention  of  an  educated  intelligence. 

These  phenomena  are  witnessed  in  some  manTtnals  At  least 
not  only  after  the  cerebral  convolutions  have  been  removed,  httt 
also  when  the  corpora  stnata  and  optic  thalami  are  taken  am^av  M 
the  same  time,  so  that  the  brain  is  reduced  to  the  corpora  quadit^ 
gemina  and  cerebellum  with  the  crura  cerebri  and  pons  Varolii, 
In  removing  the  corpora  striata,  however,  various  forced  taove- 
menls,  of  which  we  shall  sjK^ak  presently,  frequently  make  their 
appearance,  and  interfere  with  the  observation  of  the  phenomeiut 
ive  have  just  described  j  and  it  is  stated  by  some  observers  ihai. 


*  Here  we  come  upon  a.  difficulty,  which  we  shaU  meet  with  ag«tn  in 
present  chapter.     Are  wc  ja-tified  in  t>(>cakingof  '  scn&Alion  '  iu  eases  where 

have  reason  to  think  that  consciousness  h  alisent,  or  where,  ks  in  the  ,       

instance,  we  have  no  e\'i«lcnce  to  shew  whether  cuH^ciou&Rcss  b  present  or  aotl 
In  ireatinjT  of  the  sense*  we  callwl  attention  to  ihe  feet,  that  w*?  mn<H  sappam 
in  the  ca^e,  for  iiu^tance,  of  visioti,  the  visu.^'  '       '  r<necled 

wnih  a  visual  central  organ  in  such  a  way  tb  xiuidtl^ 

j«  the  former  become  mottificd  in  the  latiei  .^.  .^  ...^,  -.,...  ^..„^.;.msntga,. 
In  the  peripheral  origan  unci  along  the  nerve  of  scn>e,  the  atleciion  of  the 
nervous  tissue  may  be  spoken  of  as  a  sen-<»ry  ira pulse  ;  t  ut  after  the  affiectioo 
has  traversed  the  central  orgno  and  become  moditied  ii  b  no  lunger  a  ^^imple 
seiL  ory  iii;pulse.  We  mttst  then  either  call  it  a seti>&tion  irrcsijcctive  ot  whctW 
any  change  of  conscion-.neas  intej-vencs  or  no,  or  we  muit  give  it  a  ncyf  nmme» 
Not  wishing  to  introduce  a  new  name»  Ave  have  ventured  to  use  the  «ratA 
^  sensation '  in  a  sense  which  neither  afBnns  nor  denic*  the  joatiMObt  «f 
consciousness. 
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when  these  do  not  occur,  the  scope  of  the  various  move- 
its  of  which  the  animal  remains  capable  is  much  limited, 

Vulpian  insists*  that  all  the  phenomena  above  described  may  be 
served  in  the  total  absence  both  of  the  corpora  striata  and  optic 
lalami,  at  least  in  rodents.  Many  authcrs  however  state  that  ciogs 
iffer  from  rodents  inasmuch  as  in  dogs  lesions  of  the  corpora  striata 
Iways  entail  loss  of  cuordinatioiL  When  we  come  to  study  the 
raciions  of  the  ccnebnil  bemispherei  in  particular  we  shall  have 
won  to  dwdl  on  the  danger  of  drawing  conclusions  from  the 
icnomcn*  exhibited  by  an  nnimol  immediately  after  a  grave  operation 
its  ccntr.il  nervoui  system.  The  facts  described  above  in  reference 
mammals  rerer  exclusively  to  the  period  immediately  follovring  the 
loval  of  the  hemispheres  ;  and  though  they  clearly  shew  tliat  com^ 
lex  coordinate  movements  may  then  be  carried  on,  they  cannot 
trusted  as  disclosing  to  us  the  exact  condition  of  a  mammal 
under  such  circumstances;  wc  have  yet  to  learn  the  details  of  the 
behaviour  of  a  mammal  deprived  of  the  whole  of  both  cerebral 
hemispheres  and  yet  enjoying  the  full  functional  activity  of  the  rest 
of  its  brain. 

With  the  removal  of  that  part  of  the  brain  which  lies  between 
the  hemispheres  and  the  meiiulla  a  large  number  of  these  co- 
ordinate movements  disappear.  The  animal  can  no  longer  balance 
itselff  it  lies  helpless  on  its  side,  and  though  various  movements 
of  a  complex  character,  including  cries,  may  be  prcKiuced  by 
appropriate  stimuli,  they  are  much  more  limited  than  when  these 
cerebral  structures  are  intact 

We  may  therefore  state  that  in  the  higher  animals,  including 
mammals,  as  in  the  frog,  the  body,  after  the  reujoval  of  the 
cerebral  hemispheres,  is  capable  of  executing  all  the  ordirury 
movements  which  the  animal  in  its  natural  life  is  wont  to 
perform,  though  these  movements  necessitate  the  cooperation 
of  various  afferent  impulses;  and  that  therefore  the  nervuus 
machinery  for  the  execution  of  these  movements  lies  in  some 
part  of  the  brain  other  than  the  cerebral  hemispheres.  Wc  have 
reasons  for  thinking  that  it  is  situated  in  the  structures  forming 
the  middle  or  hind  brain. 


Skc   2     The  Mechanisms  or  Coordinated  Movements. 

When  in  a  pieeon  the  horizontal  membranous  circular  canal  of 
the  internal  ear  is  cut  through,  the  bird  is  observed  to  be  con- 
tinually moving  its  head  from  side  to  side.  If  one  of  the  vertical 
s  be  cut  through,  the  movements  are  up  and  dowiu    The 
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peculkr  movements  are  not  witnessed  when  the  bird  is  pcrkdf 
quiet,  but  they  make  their  appearcnci!  whenever  it  is  ^tc-^M 
and  attempts  in  any  way  to  stir.     When  one  side  only  of ' 
is  operated  on,  the  condition  after  a  while  passes  away.  ^^ 
canals  of  both  sides  have  been  divided,  it   be<:oroes  m 
aggerated,  and  remains  permanently.     And   it  i^ 
these  peculiar  movements  of  the  head  are  a^s«  i 
appears  to  be  a  complete  want  of  coordination  of  a.L 
ments.     If  the  bird  be  throxvn  into  the  air,   it  flui. 
down  in  a  helpless  and  confused  manner  ;  it  appears  f. 
lost  the  power  of  orderly  flight     If  placed  in  a  balan 
it  may  remain  for  some  time  quiet,  generally  with  its  h^  * 
peculiar  posture  j    but  direcdy   it  is  disturbed,   the  mo 
which  it  attempts  to  execute  are  irregular  and  fall  short  of 
purpose.     It  has  great  difficulty  in  picking  up  food  and  in 
tng ;  and  in  general  its  behaviour  very  much  resembles  thlC  oT 
person  who  is  exceedingly  dizzy. 

It  can  hear  perfectly  well,  and  therefore  the  symptoms 
be  regarded  as  the  result  of  any  abnormal  auditory  sen 
such  as  '  a  roaring '  in  the  ears.     Besides,  any  such  stimulate 
the  auditory  nerve  as  the  result  of  the  section,  would  spccdOy 
away,  whereas  these  phenomena  may  be  pennanent. 

The  movements  are  not  occasioned  by  any  partial  paralvi^ 
by  any  want  of  power  in  particular  muscles  or  group  of  musdor 
Nor  on  the  other  hand  are  they  due  to  any  uncontrollable  imnulst 
a  very  gentle  pressure  of  the  hand  suffices  to  stop  the  movLnifflsi 
of  the  head,  and  the  hand  in  doing  so  experiences  no  strain     i  ■ 
assistance  of  a  very  slight  supfjort  enables  movements  oiicrr. 
impossible  or  most  dtlhcult  to  be  easily  executed.      Thus,    i    ^ 
when  left  alone  the  bird  has  great  difficulty  in  drinking  or  [  >  ^i: 
up  com,  it  will  continue  to  drink  or  eat  with  ease   if  its  b    '  l^ 
plunged  into  wattrr,  or  into  a  heap  of  barley  ;  the  slight  -  }:   ' 
or  the  water  or  of  the  grain  being  sufficient  to  steady  its 
ments.    In  the  same  way,  it  can,  even  without  assistance  ck^ii.  -^ 
feathers  and  scratch  its  head,  its  beak  and  foot   being  m  tl>ai 
operations  guided  by  contact  with  its  own  body. 

After  the  operation  the  head  of  the  animal  frequently  asfaoet 
a  peculiar  position,  being  twisted  and  inclined  m  various  wxf\ 
sometimes  hanging  down  on  the  breast  with  the  neck  so  distocte^ 
that  the  right  eye  looks  to  the  left  and  vt^f  t*trsa^  sonietimii 
turned  back  over  the  shoulder  so  that  one  eye  looks  dirccilf 
upwards  i  the  exact  attitude  differing  apparently  according  as  thi 
or  that  r:anal  has  been  injured.  And  Goltz*  has  called  attcnt3<« 
'  Pfluger's  ArckiVt  in.  (iiS7o),  p.  172, 
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to  the  fAct  that  pigeons  whose  canals  have  been  left  intact  but 
whose  heads  have  been  artificially  secured  in  similar  abnormal 
positions  are  incapable  of  orderly  flight,  and  in  their  general 
behaviour  closely  resemble  animals  whose  canals  have  been 
destroyed. 

Injury  to  the  bony  canals  alone  is  insufficient  to  produce  the 
symptoms;  the  membranous  canals  themselves  must  be  divide<l 
or  destroyed. 

E.  Cyon'  thus  describes  the  efTects  of  dividing  the  several  cands. 
When  the  horizontal  (cvtertor)  canal  is  cut,  the  movements  of  the 
head  are  from  side  tu  side  round  an  axis  passing  vertically  through 
the  head*  When  the  posterior,  vertical,  canal  is  cut  the  head  is  moved 
ap  and  down  round  an  axis  passing  from  ear  to  ear.  When  the 
anterior  (superior)  vertical  canal  is  cut  the  movement  of  the  head  is  in 
a  diagonal  airection,  a  combination  of  an  up-and-down  and  a  side-to- 
side  movement.  When  one  canal  on  one  side  only  is  divided  the 
cffciZts  are  very  transient,  and  they  are  also  transient,  disappearing  on 
the  i^econd  or  third  day,  even  when  all  three  cmals  are  divided, 
provided  that  the  operation  is  conAned  to  one  side  of  the  head.  When 
the  same  canal,  horizontal  or  vertical,  is  divided  on  both  sides  of  the 
head,  the  isymptoms  are  more  lasting,  but  may  after  some  days  wholly 
or  almost  wholly  disappear.  When  different  canals  are  divided  on  the 
two  sides  of  the  bead,  />.  when  the  operation  is  bilateral  and  unsym* 
metrical,  the  eflFects  become  permanent. 

In  mamnials  (rabbits)  section  of  the  canals  produces  a  loss  of 
coordination  similar  tu  that  witnessed  in  birds  ;  bat  the  movements  of 
the  head  are  not  so  marked,  peculi;ir  o>ci Hating  movements  of  the 
eye-balls  (nystagmus),  differing  m  direction  and  character  according  to 
the  canal  or  canals  operated  upon,  becoming  however  very  promment. 
In  the  frog  no  deviations  erf  the  head  are  seen,  but  there  is,  as  in  other 
animals,  a  loss  of  coordination  in  the  movements  of  the  body. 

Cyon  has  noticed  that  in  pigeons  after  section  of  the  canals  on 
both  sides  of  the  head,  the  leg  is  frequently  folded  up  tinder  the  body 
in  a  peculiar  way,  as  if  it  were  broken;  but  otherwise  there  arc  n^ 
signs  of  any  paralysis. 

How  are  we  to  explain  these  remarkable  phenomena  ?  Let  us 
for  a  while  turn  aside  to  ourselves  and  examine  the  coordination 
of  the  movements  of  our  own  bodies.  When  we  appeal  to  our 
own  consciousness  we  find  that  our  movements  are  governed  and 
guided  by  what  we  may  call  a  sense  of  equilibrium,  by  an  appreci- 
ation of  the  position  of  our  body  and  its  relations  to  space.  When 
this  sense  of  equilibrium  is  disturbed  we  say  we  are  diz/y,  and  we 
then  stagger  ainl  reel,  being  no  longer  able  to  coordinate  the 
movements  of  our  bcidies  or  to  adapt  them  to  the  position  of 
things  around  us.  What  is  the  origin  of  this  sense  of  equilibrium  ? 
•  Thhtpour  U  DoctonU  h  Midfcitu,  Paris,  1878. 
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By  what  means  are  we  able  to  a 
body?  There  can  be  no  doubt  tha- 
measure  the  product  of  visual  and  tactile  sensauons  ;  wc 
the  relations  of  our  body  to  the  things  around  us  in  great 
by  sight  and  touch ;  we  also  learn  much  by  our  muscular 
But  there  is  something  besides  these.  Neither  sight  nor  toodkj 
muscular  sense  would  help  us  when  placed  perfectly  iit 
rest  on  a  horizontal  rotating  table,  with  the  eyes  shut  and 
muscle  stirring,  we  attempted  to  determine  whether  the  uWc 
we  with  it  were  moved  or  no,  or  to  ascertain  how  much  it  jn4 
were  turned  to  the  right  or  to  the  left.  Yet  under  such  cstg*! 
stances  we  arc  not  only  conscious  of  a  change  in  our  po^stiun  li 
according  to  Crum  Brown'  and  others  we  can  pass  a  toicmv 
successful  judgment  as  to  the  angle  through  which  we  hare 
moved.  What  are  the  data  on  which  we  arc  able  to  ff^rm 
judgment?  It  is  possible  that  the  mere  disp! 
or  of  the  more  fluid  parts  of  the  tissues  in  \ 
the  body,  by  giving  rise  to  affections  of  general  s. 
contribute  to  these  data  j  but  the  pt*culiar  featurtrJ^  :^l 

circular   canals   suggest   almost   irresistibly  that   they  are  sf«oi 
agents  in  this  matter.     The  three  canals  are,  as  we  kno»k,  r^' 
in  the  head  in  planes  nearly  at  right  angles  to  one  another    IJc 
the  pressure  of  the  endolymph  on  the  walls  of  the  canal  (jr*cij 
the  macular  of  the  ampullar)  in  any  given   position  of  the 
and  variations  of  that  pressure  due  to  raovcmcnis   of  the 
would  be  different  in  the  three  canals;  a  sonorous  wave  OQ 
other  hand  would  affect  all  the  ampullae  equally.      If  we  mi; 
that  the  pressure  of  the  endolymph  or  variations   in   that  ; 
can  give  rise  to  afferent  impulses  which,  though  passing  s:| 
brain  along  the  auditory  ner\'e,  are  nut  of  the  nature  nf 
impulses,  we  have  found  the  data  for  which  we  arc  s- 
is  quite  possible  to  conceive  that  the  impulses  thus 
the  ampidlje   by   movements  of  the  head,   should   by    i 
transformed  into  sensations  enter  into  the  judgment  which  - 
of  the  movements  which  have  given  rise  to  them. 

When  a    person  under  the  circumstances   mentioned  abovf  i 
rotated  for  some  time,  the  sense  of  rotation  ce^aes  lo  be  fell ',  M* 
the  rotation  ceasing  a  sense  of  being  rotated  In  the 
is  set  up  :  a  coniplcmemary  or  more  btrictly  a  rcl> 
cau  cd.     Regarding  the  sensation  as  due  to  the  mo\  t ,,,,.  m 
in  iht  canalSj  Crum   IJroun  supposes  that  the  effect   is  dir 
cording  as  the  flow  is  frora  the  ampulla  mto  the  cauai,  or  *»^w    ^ 

•  ^ffum.  Anat,  Phyu  1874,  p.  327 ;  see  also  Mach,  Lekrw^  d,  Ji^wsin^ 
Empfind,  1875  ;  Breuer,  Wkm,  Mtd,  Jakrh.,  1874,  p.  7^  :    1875,  y    h 
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canal  into  the  AmpuIU,  and  thut  thus  we  are  able  to  recofcnise  the 
dirtctioH  bf  the  rotation,  whetlier  positive  or  negative,  <fr.  t;r.  to  the 
fight  or  to  the  left,  and  b«j  on.  Hence  the  existence  of  six  atupulkt*, 
two  for  each  of  the  three  axes  of  rotation  ;  and  Crum  Brown  asserts 
that  in  man  and  all  animali  which  he  has  examined  the  tw'o  exterior 
canals  of  the  two  cars  are  very  nearly  in  the  same  plane,  and  the 
superior  c^tnal  of  one  car  very  nearly  in  the  same  plane  as  the  posterior 
canal  of  the  otiicr. 

But  if  ampuHax  sen^tlons,  if  we  mny  so  call  them,  thus  enter 
into  our  appreciation  of  the  position  of  our  body  and  thus  fomi, 
m  part,  the  basis  of  our  sense  of  equilibrium,  it  is  obvious  that 
when  these  are  absent  or  deranged,  the  sense  of  equilibrium  will 
be  affected  and  the  coordination  of  movements  interfered  with. 
And  this  seems  to  he  the  most  satisfactory  explanation  of  the 
phenomena  attendant  on  injury  to  the  semi-circular  canals.  We 
are  not  perhaps  yet  in  a  position  to  explain  the  whole  matter  in  a 
complete  manner ,  there  may  be  much  divergence  of  opinion  as 
to  the  exact  way  in  which  the  ampullar  impulses  are  generated, 
and  as  to  the  exact  manner  in  which  injury  to  the  canals  produces 
its  effects  whether  by  causing  the  simple  absence  of  normal  ina* 
pulses  or  by  generating  abnormal  influences  ;  but  it  is  difficult  to 
withstand  the  general  conclusion  that  the  ampullae  have  in  some 
way  or  other  to  do  with  the  sense  of  equdibrmm  ami  with  the  co* 
ordination  of  movements,  and  that  the  remarkable  effects  of 
injuring  them  are  connected  with  this  function. 

Some  authors'  have  adopted  the  former  view  th.it  the  j' 
are  due  to  the  mere  absence  of  the  normal  ampullAr  ^cn- 
usual  pressure  of  the  cndolymph  faihng  on  account  of  the  ic.ji  -v,,j  ot 
that  fluid.     A  difficulty  is  presented  to  this  view  by  the  fact  that  ihc 
canaU  arc  .ill  continuous;  and  hence  if  ibc  effects  of  section    irr 
•imply  due  to  loss  of  Huid,  and  consequent  ab^^nce  of    the 
pressure  and  of  the  vartatioas  in  that  pressure,  the  section  ni 
canal  nught  to  produce  the  same  cfiFect  as  that  of  all  of  them  ;  but  thtu 
is  not  the  case. 

On  the  other  hand  Cyon*  insists  very  strongly  that  mere  removal 
not  only  of  the  perilymph  but  .also  of  the  endol}'mph  is  insuffictcnt 
to  give  rise  to  the  symptoms.  He  states  that  he  has  removed  the 
endolymph  from  the  whole  labyrinth  by  very  careful  puncture  of 
the  vestibule  without  producing  any  effects,  but  that  --'  -  -^  •^r- 
mcmbranuus  walls  of  the  emptied  canals  is  immeti 
He  regards  the  symptoms  as  due  to  irritation  caused  b>  u.^ 

Toma^ixewici'  also  urj;cs  tliat  the  effects  of  section  .ire  n 
nounced  the  more  carefully  the  operation  is  performed.     !  i 

rcfuiefl  altogether  to  admit  the  existence  of  any  such  function  an  tkit 

•  C«»lrjv  op,  til,  •  Of,  cU. 
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wc  are  discussing,  and  re^ds  the  pennanetit  want  of 
which  follows  upon  extensive  injury  to  the  canals  as  due 
set  up  as  a  secondary  result  in  the  cerebeUuni  or  other 
braiiL    Other  obser\'ers  insist  most  strongly  that  the  phc: 
incoordination  may  be  most  fully  developed    without    (he 
secondary  mischief  to  the  brain. 

The  injury  which  causes  the  loss  of  coordination  need  not 
fined  to  the  peripheral  organs  of  the  auditory  nerveu     Section 
auditory  trunk  produces  similar  effects. 

According  to  Cyon  however  the  loss  of  coordination  which 
in  the  rabbit,  upon  section  of  both  auditor)*  nerves  disappears  * 
wholly'  after  some  time.     If  this  is  really  the  case,  Mrithout 
generation  of  the  divided  nerves  taking  place»  it  is  clear  that  w 
normiil  ampullar  impubes  may  be   generated  in   the   mtact 
these  must  play  far  too  subordinate  a  part  in  m.iintaining 
to  permit  us  to  regard  their  mere  absence  as  the  cause  of 
order  ;  for  we  can  hardly  imagine  that  an  animal   could  J 
without  such  peculiar  and  important  normal  impulses,  as  on  thai 
of  the  question  these  are  supposed  to  be  ;  and  consequently 
to  look  upon  the  symptoms  arising  from  injury  to  the  canals 
irritation.     Tomaszewicz*  also  Ends  that  animals  'in  succe 
exhibit  none  of  the  phenomena  of  incoordination  after  section 
auditory  nerves. 

We  compared  the  condition  of  a  pigeon  after  tnjuiy 
semicircular  canals  to  that  of  a  person  who  is  dizr.y,  and 
one  great  characteristic  of  vertigo  or  dizziness  is  an  inabilil 
the  part  of  the  subject  to  maintain  a  due  equilibrium  ;  he 
coordinate  his  movements  properly  or  adapt  them  to  the  cil 
stances  around  him,  and  in  consequence  staggers  and 
Vertigo  may  be  brought  about  in  various  ways.  It  may  b 
result  simply  of  unusual  and  powerful  visual  sensations,  su 
those  produced  by  water  falling  rapidly  from  a  great  height 
objects  moving  swiftly  across  the  field  of  vision.  It  may 
from  changes  taking  place  in  the  brain  itself,  and  is  a  coi 
symptom  of  many  maladies  and  of  the  action  of  many  poj 
As  is  well  known,  a  most  severe  vertigo  may  be  at  once  pro* 
by  rapidly  rotating  the  body.  All  cases  of  vertigo,  however 
duced,  have  this  common  subjective  feature,  that  one  or  m 
the  sets  of  sensations  which  form  the  basis  of  our  appreciati 
the  relation  of  our  body  to  external  things  disagree,  and 
conflict  with,  the  rest  of  the  sensations  which  go  to  make  u] 
same  appreciation.  Thus  in  the  vertigo  after  rapid  rotation  < 
body»  while  we  seem  to  see  the  whole  world  whirling  roiin* 
this  conclusion  is  contradicted  by  other  sensations.  Corrcsp 
ing  to  this  subjective  feature  of  vertigo  is  the  objective  featii 
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the  failure  of  motor  coordination ;  and  there  can  be  no  doubt 
that  the  two  are  connected  together  as  cause  and  effect  The 
exact  manner  in  which  the  vertigo  is  developed,  i,€.  the  sequence 
and  relation  of  the  various  factors  of  it,  will  naturally  vary  according 
ta  the  nature  of  the  exciting  cause,  and  the  course  of  events  appears 
to  be  not  only  different  in  different  forms,  but  in  many  cases  com- 
plex. When  vertigo  comes  on  from  rapidly  rotating  the  body  with 
the  eyes  open,  an  element  of  discord  is  introduced  by  the  eyeballs 
not  keeping  pace  with  the  movements  of  the  head  but  following 
irregularly,  executing  the  oscillatory  movements  known  as  nystag- 
mus, movements  which  continue  after  the  body  has  come  to  rest, 
and  then  give  rise  to  the  false  sensation  that  external  objects  are 
moving  rapidly.  But  in  this  vertigo  of  rotation  there  are  other 
factors  at  work,  for  the  dizziness  comes  on,  though  less  readily, 
when  the  eyes  are  kept  shut  all  the  time.  It  has  been  suggested 
that  false  ampullar  sensations  arise  from  the  rotation  of  the  body 
exciting  the  scnii- circular  canals.  But,  even  admitting  this  as  a 
contribution  to  the  total  effect,  it  seems  probalile,  as  Purkinje 
suggested,  that  changes  in  the  brain  due  to  the  displacement  of 
the  blood  or  even  of  the  brain -substance  itself  caused  by  the  loo 
rapid  rotation  are  at  work.  It  is  difficult  otherwise  to  explain  the 
unconsciousness  which  may  ensue  if  the  rotation  be  rapid  and 
long  continued;  and  the  vertigo  resulting  from  various  poisons 
seems  to  be  distinctly  of  central  origin. 

Vertigo  as  in  the  so-called  Meniere's  malady  is  trequenily  1 

with  disease  of  the  •scmi-circul-ir  canali ;  but  it  must  be  re  : 

that  the  canals  are  frequently  diseased  without  any  vertigo  a^-pw.v.  .*j^. 
According  to  Cvon'  and  Tomasiewicz'  vertigo  by  roiation  may  be 
re-idily  induced  in  rabbits  after  section  of  both  auditory  nerves,  a  result 
which  indicates  that  the  semi-circular  canals  can  have  little  share  in 
this  form  of  vertigo. 

Whether  we  accept  the  view  of  ampullar  sensations  just  dis- 
cussed or  not,  and  whatever  be  the  exact  share  which  false 
sensations  take  in  the  causation  of  vertigo,  this  at  all  events  is 
clear,  that  afferent  impulses  of  various  kinds  so  far  contribute  to 
the  building  up  of  the  coordinating  mechanisms  that  changes  in 
these  impulses  go  far  to  throw  the  mechanisms  into  disorder,  or  at 
least  to  impair  their  proper  working.  It  is  not  necessary  that 
these  afferent  impulses  should  directly  affect  consciousncflS  (or  to 
speak  more  correctly,  should  affect  that  complete  consciousoess 
which  is  associated  with  volition),  and  so  develop  into  dtstiBCt 
perceptions.     We  have  seen  that  a  bird  from  which  the  cercbnl 
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hemispheres  have  been  removed  is  perfectly  able  to  flj  ; 
therefore  the  coordioating  nervous  mechanism  necessary  for 
is  situated  in  the  parts  of  the  brain  lying  behind  the  ce 
hemispheres.  We  have  also  dwelt  on  the  fact  that  all  the 
coordinating  mechanisms  of  the  frog  lie  in  the  hind  parts 
brain  ;  yet  in  the  frog,  as  in  the  bird,  and  we  nnay  add,  as  i 
mammal,  injury  to  the  hinder  parts  of  the  brain  (>roduces  1< 
coordination  whether  the  hemispheres  be  present  or  not 
we  have  no  satisfactory  reasons  for  either  asserting  or  denyinj 
what  we  call  consciousness,  i.e.  a  distinct  consciousness  simi 
our  own  consciousness,  exists  in  animals  deprived  of  ih 
hemispheres.  When  signs  of  vohtion  are  present,  we 
take  these  signs  as  indications  of  consciousness  also  ;  btit 
not  justified  in  saying  that  all  consciousness  is  absent  when 
factory  signs  of  volition  are  wanting.  We  cannot  form 
judgment  on  the  matter  without  some  more  trustwi 
objective  tokens  of  consciousness  than  we  at  present 
But  what  we  may  safely  assert  is,  that  the  coordinating  iii< 
ism,  the  retention  of  which  is  so  striking  a  feature  of  ais  i 
deprived  of  its  cerebral  hemispheres,  is  constructed  out  of 
afferent  impulses  of  various  kinds  arriving  at  the  coordi 
centre  from  various  parts  of  the  body,  that  in  fact  the  coordin 
taking  place  at  the  centre  is  the  adjustment  of  eflt-'ient  to  afli 
impulses.  Many,  if  not  all^  of  these  afferent  impulses  are 
that  in  the  presence  of  consciousness  tliey  wuuld  gi%re 
perceptions  and  ideas ;  but  we  have  no  reason  fur  thinking^ 
the  complete  development  of  the  afferent  impulse  into  a 
ception  or  an  idea  is  always  necessary  to  tiie  carrying  oi 
coordination.  We  may  say  that  we  have  a  sense  of  equilib 
by  means  of  the  semi-circular  canals,  and  when  that  sen 
deranged,  we  feel  giddy  and  cannot  stand.  We  have  no 
however,  for  thinking  that  the  failure  to  keep  upright  is  due  tc 
feeling  of  giddiness,  in  the  sense  of  being  a  direct  result  d 
condition  of  the  consciousness.  On  the  contrary,  sixkce 
peculiar  movements  characteristic  of  vertigo  may  take  plac 
the  absence  of  consciousness  without  the  vertigo  being  acti 
felt»  we  may  with  security  assert  that  the  failure  to  stand  up| 
and  the  feeling  of  giddiness  are  both  concomitant  efifects  of 
same  disarrangement  of  the  coordinating  mechanism. 

It  cannot  be  too  much  insisted  upon  that  for  every  b^ 
movement  of  any  complexity  afferent  impulses  are  as  essd 
as  the  executive  efferent  impulses.  Our  movements,  as  we 
already  urged,  are  guided  not  only  by  the  muscular  sense, 
also  by  contact  senjiations,  auditory  sensations,  visual  sensati 
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and  visual  perceptions  (for  the  renuirks  made  above  concerning 
ihe  relations  of  tlic  coordinating  mechanism  to  consciousness  do 
not  exclude  the  possibility  of  consciousness  affecting  the  mechan- 
ism»  indeed  not  only  may  perceptions  enter  into  the  casuatjon  of 
vertigo,  but  even  an  imaginary  idea  may  be  the  sole  exciting  cause 
of  this  condition) ;  and  when  we  say  '  they  are  guided/  we  mean 
thtt  without  the  sensations  the  movements  become  impossible. 
In  studying  vision  we  saw  repeate<ily  that  the  movements  of  the 
eyes  were  directly  dependent  on  vision,  and  every  ball-room 
AtTords  abundant  evidence  of  the  tics  between  sensations  of  sound 
and  motions  of  the  hmbs.  So  essential,  in  fact,  arc  afferent  im- 
pulses to  the  development  of  complex  bodily  movements,  that  we 
arc  almost  justified  in  considering  every  such  movement  in  the 
light  of  a  retlex  action  made  up  of  afferent  and  efferent  impulses 
and  central  actions,  and  set  going  by  the  influence  of  some  domi- 
nant afferent  impulse,  or  by  the  direct  action  of  those  nervous 
thangcs,  whose  psychical  correlative  is  what  we  call  the  will,  on 
the  centre  itself.  All  day  long  and  every  day  multitudinous 
afferent  impulses,  from  eye,  and  ear,  and  skin,  and  muscle,  and 
other  tissues  and  organs,  are  streaming  into  our  nervous  system  ; 
and  did  each  afferent  mipulse  issue  as  its  correlative  efferent  motor 
impulse,  our  life  would  be  a  prolonged  convulsion.  As  it  is,  by 
tliC  checks  and  counter  checks  of  cerebral  and  spuial  activities,  all 
these  impulses  ,irc  drilled  and  marshalled,  and  kept  in  hand  in 
orderly  array  till  a  movement  is  c;dlcd  for ;  an«l  thus  we  arc  able 
to  execute  at  will  the  most  complex  bodily  marceuvrcs,  knowing 
only  why^  and  unconscious  or  but  dimly  conscious  how^  we  carry 
tliem  out. 

\Vc  hav<!  venture*!  to  use  the  phrase  '  coordinating  centre,*  but 
it  must  be  utidersiood  that  we  have  no  right  to  attach  more  than  a 
general  meanmg  10  tlie  words.  We  cannot,  at  present  at  least, 
defme  such  a  centre  in  the  same  way  that  we  can  the  vaso-motor 
or  respiratory  centre.  When  the  optic  lobes  as  well  as  the  cere- 
bral hemispheres  are  removed  from  the  frog,  the  power  of  balan- 
cing itself  is  lost ;  when  such  a  frog  is  thrown  off  its  balance  by 
inclining  the  plane  on  which  it  is  placed,  it  falls  down.  The 
special  coordinating  mechanism  for  b;dancing  must  therefore  in 
this  animal  be  situated  in  the  optic  lobes;  but  after  removal  of  these 
organs,  the  animal  is  still  capable  of  a  great  variety  of  coordinate 
movements  :  unlike  a  frog  retaining  its  spinal  cord  only,  it  can 
swim  and  leap,  and  when  placed  on  its  back  immeiliately  regains 
the  normal  i>osil»on.  The  cerebellum  of  the  frog  is  so  Hmall,  and 
in  removing  it  injury  ia  so  likely  to  be  done  to  the  underlying  lurts, 
that  it  becomes  difficult  to  say  how  much  of  the  coordination 
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apparent  in  a  frog  possessing  cerebellum  and  tnedutU  is  to 
attribnted  to  tlie  former  or  to  the  latter  ;  probably,  however,  tJl 
part  played  by  the  former  is  small.  In  the  mammal,  as  we  h 
stated,  removal  of  the  whole  middle  and  hind  brain  docs  i" 
with  the  most  marked  of  these  coordinating  mechanisms 
moval  of  the  pons  Varolii  alone  has  the  same  effect.  Inj 
to»  or  disease  of,  the  more  superficial  parts  of  the  corjKjra  qu* 
gemina  or  of  the  cerebellum,  does  not  appear  to  influence  il 
movements  of  the  body  at  large  to  any  striking  extent ;  but  t^ 
are  many  pathological  cases,  as  well  as  experimental  obsen'jiioQ 
tending  to  associate  the  coordinating  mechanisms  of  which  wt 
speaking  with  the  deeper  parts  of  the  cerebellum.  It  would 
hazardous,  in  the  present  state  of  our  knowledge,  to  mi 
definite  statement  concerning  the  share  taken  by  these 
cerebral  structures  in  the  various  coordinations. 

The  results  of  experiments  are  in  many  ways  conflicting, 
more  confltcting  and  still  less  trustworthy  are  the  results  of  patbc 
observations.     In  this  and  in  so  many  other  parts  of  physio! 
so-called  *  experiments  of  nature '  as  seen  at  the  bed-side,  are 
useful  in  suggesting  and  correcting  experiraenfal  inquiries; 
prove  broken  reeds  wiien  reliance  is  placed  on  ihem  alone. 
hardly  a  thesis  in  cerebral  physiology,  in  respect   of  vrhicb  a 
array  of  'cases'  may  not  be  quoted  strikingly  supporting  the 
enunciated,  and  a  long  array  as  tlatly  contradicting  tbeou 


Forced  Motfements, 

All  investigators  who  have  performed  experiments  on  the 
have  observed  as  the  result  of  injury  to  various  parts  of  it  remai 
able  compulsory  movements.  One  of  the  most  common  forms 
that  in  which  the  animal  rolls  incessantly  round  the  longitudii 
axis  of  its  own  body.  This  is  especially  common  after  section 
one  of  the  crura  cerebri,  more  particularly 'of  the  external  a 
superior  parts,  or  after  unilateral  section  of  the  pons  Varolii,  t 
has  also  been  witnessed  after  injury  to  the  medulla  oblongata  aj 
corpora  quadrigemina.  Sometimes  the  animal  rotates  towanis  aj 
sometimes  away  from  the  side  operated  on.  Another  fomn  is  tft 
in  which  the  animal  executes  *  circus  movements,'  i,€,  continua 
moves  round  and  round  in  a  circle,  sometimes  towards  and 
times  away  from  the  injured  side.  This  may  be  seen  after  sev 
of  the  above-mentioned  operations,  but  is  perhaps  particuJ 
common  after  injuries  to  the  corpora  striata  and  optic  tbalaj^ 
There  is  a  variety  of  the  circus  movement  said  to  occur  frequen 
after  lesions  of  the  nates,  in  which  the  animal  moves  in  a  drcj 
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with  the  longitudinal  axis  of  its  body  as  a  radius  and  the  end  of 
its  tail  for  a  centre.  And  this  form  again  may  easily  pass  into  a 
simply  rolling  movement.  In  yet  another  form  the  animal  rotates 
over  the  transverse  axis  of  its  body,  tumbles  head  over  heels  in  a 
series  of  somersaults  ;  or  it  may  run  incessantly  in  a  straight  line 
backwards  or  forwards  until  it  is  stopped  by  some  obstacle.  These 
latter  forms  of  forced  movements  are  frequently  seen  after  injury 
to  the  corpora  striata;  and  Nolhnagel  speaks  of  a  limited  portion 
of  the  grey  matter  of  the  corpus  striatum  as  the  rtodus  atrsanus, 
the  injection  of  chromic  acid  into  which  produces  in  the  rabbit 
the  straight -forward  running,  Uistly,  many,  if  not  all,  these 
various  forced  movements  may  result  from  injuries  which  appear 
to  be  limited  to  the  cerebral  hemispheres. 

Attempts  have  been  made  to  explain  the  natatory  movements 
by  reference  to  unilateral  paralysis  or  to  spasm  of  various  muscles 
of  the  body  caused  by  the  cerebral  injury  ;  and  in  the  case  of  the 
*  circus*  movements  with  partial  hemiplegia,  which  follow  upon 
injury  to  the  corpora  striata  or  other  parts,  the  explanation  that 
the  animal  in  progressing  forward  naturally  bears  on  its  paralysed 
or  weak  side  seems  a  valid  one  ;  but  the  movements  may  fre- 
quently be  witnessed  in  the  complete  absence  of  either  paralysis 
or  spasm,  and  cannot  therefore  be  always  so  explained.  On  the 
other  hand,  if  the  views  urged  just  now  concerning  the  nature  of 
the  coordinating  mechanisms  of  the  brain  are  true,  it  is  evident 
that  they  afford  a  general  explanation  of  the  phenomena,  though 
our  present  knowledge  will  not  permit  us  to  explain  the  genesis  of 
each  particular  kind  of  movement  Such  gross  injuries  as  are  in- 
volved in  dividing  cerebral  structures  or  in  injecting  corrosive 
substances  into  the  midst  of  cerebral  organs,  must  of  necessity, 
cither  by  irritation  or  otherwise,  seriously  affect  the  transmission 
not  only  of  aflVrent  impulses  in  their  cerebral  course,  but  also  of 
central  impulses,  mhibitory  and  the  like,  piissing  from  one  part  of 
the  brain  to  another  ;  and  must  therefore  seriously  affect  the  due 
working  of  the  general  coordinating  mechanisms.  The  fact  that 
an  animal  can,  at  any  moment,  by  an  effort  of  its  own  will,  rotate^ 
on  its  axis  or  run  straight  forwards,  shews  that  the  nervous  mechan- 
ism for  the  excaiiion  of  those  movements  is  ready  at  hand  in  the 
brain,  waiting  only  to  be  discharged ;  and  it  is  easy  to  conceive 
how  such  a  discharge  might  be  affected  either  by  the  substitution 
of  some  potent  intrinsic  afferent  impulse  for  the  will  or  by  some 
misdirection  of  the  voUtional  impulses.  Persons  who  have  expe- 
rienced similar  forced  movements  as  the  result  of  disease  rejiort 
that  ihoy  are  frequently  accompanied,  and  seem  to  be  caused,  by 
disturbed  visual  or  other  sensations;  they  say  they  fall  forward 
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because  the  ground   appears  to  sink    away  beneath   their 

Without  trusting  loo  closel)*  to  the  interpretations  the  sub} 
these  disorders  give  of  their  own  feelings,  we  in  y  at  least^ 
elude  that  the  disorderly  movements  ^^e  due  to  a  disorder  of 
coordinating  mechanism,  which  in  many  cases  is  itself  the 
of  disordered  sensory  impulses,  and  not  to  any  paral)tic  of 
failing  of  the  simple  muscular  instruments  of  the  ncrvoas 
And  this  new  is  supported  by  the  fact  that  many  of  these 
movL'ments  are  accompanied  by  a  peculiar  and  wholly  ah 
position  of  the  eyes,  which  alone  might  perhaps  explam  ramy  / 
the  phenomena. 


Sec.  3.     The  Fitnctions  of  the  Cerebral  CoNTOLtTTiOBe^ 

All  the  older  observers,  Flourens  and  others,  agreed  that  wh« 
the  cerebral  hemispheres  were  gradually  removed,  piece  by  pii 
or  slice  by  slice,  no  obvious  effects  manifested  themselves,  cith< 
in  the  intelligence  or  volition  of  the  animal,  when  the  first  portid 
only  were  taken  away  ;  but  that,  as  the  removal  was  c:onttna« 
the  animal  became  more  and  more  dull  and  stupid,  until  at 
both  intelligence  and  volition  seemed  to  be  entirely  lost. 
been  frequently  observed  that  after  wounds  of  the  skull 
lions  of  the  brains  of  men  might  be  removed  without  any 
effect  on  the  psychical  condition  of  the  patients.  The  brain 
exposed  was  found  not  to  be  sensitive ;  and  ordinary  stini 
applied  to  the  surface  of  the  convolutions  of  animals  failed  in 
hands  of  most  experimenters  to  produce  any  clearly  recog 
effect  Hence  it  became  very  common  to  deny  the  cxi-st< 
any  localization  of  functions  in  the  convolutions  of  the*  hemi 
and  to  speak  of  the  brain  as  'acting  as  a  whule/  whatev 
might  mean.  On  the  other  hand,  there  was  clear  evidcni 
not  only  did  disease  of  the  superficial  grey  matter  of  the 
spheres  cause  delinum,  as  in  meningitis,  but  sometimes  coni 
either  of  an  epileptic  character  or  localized  to  particular 
^muscles*.  Hitzigand  Fritsch"  were  the  first  to  shew  that 
application  of  the  constant  galvanic  current  to  p;iriicular  cow 
tions  and  to  particular  parts  of  convolutions  gave  rise  to  dcfi 
coordinate  movemenU  of  various  groups  of  muscles.  Thus  w 
the  stimulation  of  one  spot  (Fig,  68)  caused  roovements  in 

'  HughlitigS'JacksoQ,  Lotidcn  Haip^   Refaris^  1S64 ;  CUnkai  mmd 
RtiMrches^  1873, 

'  Reichcrt  u.  ilu  BoisReymond's  Archiv,   1870^  p.«.300.     See   also  Hil 
Viu  Gekirn,  Berlin,  1874. 
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m&cles   of    ihc   neck,   another  caused    extension    with    adduc- 

>n  of  the   fore   leg,   a   third   movements  of   the   hind    leg,    a 

irth  movements  of  the  eye  and  other  parts  of  the  face.     In 

let,   they    and    Fefriec*,    who   using   chiefly  the  interrupted    or 

idaic    current,    repeated    and    extended    their   observations, 

re  able  to  map  out  tht?  convolutions  of  the  front  and  middle 

of  the  hemisphere  of  the  dog  (Figs,  68,  69),  c;it,  monkey 

70,  71),   and  other  animals,   into  a  number  of  precisely 


I 


.    Tj««  JimUAS  or  m*  C»KBifjkL  CoNvai.tmo?^3  or  Tns  Doo,  AOOOsotMO  to 

A  "The  Area  for  the  muKla  of  the  neck. 

+        ,.         .,         cBieimao  aod  MlductMa  of  ih*  Ttre  Umb 

+        M         ..         flexkHi  and  naiaoa  oC  the  f /re  limb. 


Rubbinit  trm»»vvrKly  t(j»wmrd»  a 
crucioi  ttticut. 
(3)     O   llw  Cftcukl  Area. 


(1)  aiid  (a)  from  (j)  ao^  U)  u 


the 


limited  areas,  the  stimulation  of  each  area  producing  a  distinct 
and  limited  movement,  while  stimulation  of  a  large  surface  pro- 
duced  general  convulsions.  The  movements  were  so  precise  that 
they  answered  each  to  the  spot  stimulated  almost  as  completely 
as  a  note  answers  to  a  key  struck  on  the  piano. 

A  relationship  has  also  been  observed  between  the  brajn  surfice 
and  the  secretion  of  saliva,  the  beat  of  the  heart,  the  condition  of  the 
pupil,  the  action  of  vaso  motor  nerves,  and  other  organic  functions. 

'  i^fst  Atifmg  RcporUt  Vol  IIL  1873.     Sec  aUo  hi*  Funeticm  ofth*  Bnin, 


Tia,  69,    Thk  Ajiias  of  the  CKHKnuAJ 

Fl 
O.  The  Olfaetory  LoU.    A.  T)m  Fia«uJ 
ttf'ihe  Area*it 

Kttultt. 

The  hind  Iq;  is  advanced  as  in  wfttkirup.  1 

Relracrionand'additcti  n  of  the  oppofii^ 
(5)  E  legation  of  the  sh  uldef  of,  tavi  eitien 
(7}    Ck»ure  of  the  opposite  eye  cauaed  by 

(S)    Retraction  an4  elevation  *^(  th«  opfoaiie 
(lj>"  Th«  CDCUth  h  opened  and  the  t-  n?uc 
fir)    Kctraction  of  the  angle  of  the  mouth 
tia)    Opeoina  -f  the  cyr%  and  ditAtion  of  tl 

(o  the  oppcKite  ride. 
fill    The  eycbdU  move  to  ihe  nppo«ile  *iAt. 

114)  Priekinjf  or  Tudden  retracfion  of  the  op, 

115)  Toniu^n  of  the  nostril  on  the  same  lide. 
(t6>     blevotion  of  the  lip  and  dilation  of  the 

Eulenburg  and  Landois'  find  that  < 
the  extremities  causes  a  rise  of  ten 
months)  in  the  corresponding  Iti 
observed  the  same  thinj?*.  iiAlogl 
areas  in  the  cerebral  surface  stimiil 
of  the  heart's  beat,  and  other  a 
heart.  Bochefontaine*  observed 
surface  in  the  neighbourhood  of 
of  arterial  pressure  with  altem 
the  heart's  beat.     Amon 
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of  the  Mfip  .i«iie  «rai  And  hAmt 

Other  rejfions  of  the  surface  he  witnessed  increased  flow  of  saliva, 
contraction  of  the  spleen,  bladder,  uterus,  &c*,  and  dibtion  of  the 
pupil  :  the  last  effect  might  follow  upon  stimulation  of  almost  any 
point  of  the  cerebral  surface.  But  on  these  points  the  results  of 
various  observers  are  by  no  means  constant'.     Haemorrhage  into  the 

»  Brown-S<^quafd,  Artkivet  di  Pkys.  M.  (1875^  p.  864.     Eckhard,  BHtraiu 

ni.  (1876)  199. 
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limg  has  been  observed  in  the  rabbit  to  follow  upon  stimulatioa  of  tho 
cerebral  surface*. 

These  experiments,  which  have  not  only  been  confirmed  by 
nuny  observers,  but  may^  with  due  care»  be  successfully  repeated 
by  any  onc»  clearly  shew,  in  spite  of  some  discordance  among 
various  authors  as  to  the  exact  position  and  extent  of  the  several 
*  areas/  that  there  is  a  connection  between  electric  stiniulation  of 
certain  areas  of  the  brain-surface  and  certain  bodily  movements ; 
but  the  exact  nature  of  this  connection  is  at  present  very  obscure. 
The  areas  in  question  have  been  six>ken  of  by  some  authors  as 
■motor  centres.*  Such  a  term  is  however  misleading,  since  it 
suggests  that  the  brain-surface  in  a  given  area  is  largely  occupied 
ID  giving  rise  to  the  coordinate  nervous  impulses  which  cany  out 
the  movement  resulting  from  stimulation  of  the  area,  just  as  tlie 
respiratory  centre  for  instance  is  occupied  in  giving  rise  to  the 
coordinate  respiratory  impulses ;  but  it  is  absurd  to  suppose  that 
comparatively  large  areas  of  such  valuable  material  as  we  must 
needs  suppose  the  grey  matter  of  the  convolution?  to  be,  should* 
be  taken  up  in,  so  to  speak,  menial  works^  such  for  instance  as 
that  of  discharging  the  ner\'Ous  impulses  required  for  bending  or 
for  str,ughtcning  the  arm.  Besides,  we  know  that  an  animal  can 
be  made  in  execute,  in  the  total  absence  of  the  cerebral  hemi- 
spheres, the  various  coordinate  movements  which  result  from  the 
slimulatiun  of  the  cerebral  «reas  ;  coordination  in  fact  is,  as  we 
have  already  shewn,  effected  in  parts  of  the  brain  other  than  the 
surface  of  the  cerebral  hemispheres ;  and  all  that  the  areas  in 
question  do  is  to  make  use  in  sornt  way  or  other  of  these  lower 
coordinatingMnechanisms.  If  on  the  other  hand  it  is  admitted 
that  the  movements  which  result  from  stimulation  of  an  area  form 
merely  a  small  and  insignificant  part  of  the  total  effects  of  stimu- 
lation, the  other  changes  brought  about  being  profound  but 
invisible  anil  as  yet  unrecognizable,  the  use  of  the  term  '  motor 
centre '  is  still  more  objectionable.  That  the  latter  view  is,  of  the 
two,  the  more  probable  seems  indicated  by  the  fact  that  over 
large  portions  of  the  brain-surface  electric  stimulation  produces  no 
movements  ;  these  portions  are  wholly  devoid  of  *poior  centres.' 
The  real  interest  in  fjct  in  the  results  of  electric  stimulation  of  the 
brain-surface  attaches  not  so  much  to  the  question  as  to  which  arc 
the  exact  movements  resulting  from  the  stimulation  of  this  or  that 
area,  as  to  the  broad  fact  that  different  results  follow  upon  stimu- 
lation of  different  regions,  thus  serving  to  indicate  that  there  is  after 
ail  a  *  localixation  of  functions'  in  the  brain -surface.     Experiments 


Nothiugcl,  CM  M^,  Whs,  |S74<  ^  309. 
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have  been  made   with  the   view   of   attacking  the    probicm  by 
another  method,  viz.  by  watching  the  results   following  %ijffm  Xht 
removal  of  particular  parts  of  the  brain  ;  but   the  ^ 
observers  are  in  this  respect  so  opposed  that  a  dogma  _  ^tiu 

is  at  present  impossible. 

In  tr>'ing  to  appreciate  the  true  raeani ng^  of  the  experiments  tm 
electric  stiroulatioa  of  the  brain-surface  the  following  facts  deserw 
attention.     Not  only  do  the  phenotnena  continue  when  the  animal  is 
under  opium  and  chloroform,  provided  that  the  anaesthesia  is  not  too 
profo^md,  and  not  only  do  they  require  for  their  development  clecirtc 
currents  of  a  considerable  strength,  mechanical  and  chemical  stimuii- 
lion  being  unable  to  produce  them,  but  the  results  of  stimulation  ire 
the  same,  when  the  surface  of  the  convolution  operated   on  is  highly 
congested,  and  even  when  it  has  become  completely  dried  up,  or  after 
it  has  been   washed  with  strong  nitric  acid.     The  results,  moreovov 
remain  unchaujicd  when  the  area  experimented  upon  is  isolated  from 
the   surrounding   grey   matter,   by   plunging  a   cork-borer   for   some 
distance  into  tlie  bram  round  it ;  and  even  when  the  brain-stib>taaoe 
is  removed  to  some  depth  do^*'n  by  means  of  the  cork- borer,  and  the 
electrodes  plunged  into  the  blood  which  fills  up  the  cyhndricaJ  hole 
thus  made"     They  remain  the  same  when  the  surface  stimulated  » 
disconnected  physiologically  though  not  physically  from  the  deeper 
parts,  by  a  honzontal  incision  carried  some  little  distance  from 
surface'.    And  though  the  area,  stimulation  of  which  g-ives  rise  to 
definite  movement,  is  always  limited,  yet  it  b  not  constant  in  diflercj 
individuals,  and  frequently  a  large  and  deep  sulcus  may  be  seen  run- 
ning through  its  very  midst  ^     All  these  facts  suggest  that  the  results 
are  due  to  the  escape  of  the  current  from  the  surface  to  which  tl 
electrodes  are  applied  to  deeper  underlying  portions  of  the  brain,  i 
escape  taking  place  along  definite  lines  determined  by  the  cJectri 
conductivity  of  the  bniin-substance.     And  Burdon  Sanderson*  statet 
that  local  stimulation  of  the  white  matter  immediately  surrounding  a 
corpus  striatum  produces  localized  movements  quite  similar  to  tho^e 
caused  by  stimulation  of  the  corresponding  cerebral  surface  ;    from 
which  it  may  be  inferred  that  when  the  surface  appears  to  be  stimu- 
bted,  it  is  really  the  corpus  striatum  which  is  affected  physiologically 
by  the  stimulus-     Albertoni  and  Michieli'  however  found  that  scversU 
weeks  after  the   removal  of  an  area  stimulation  of  the  scar  or   ili 
immediate  neighbourhood  no  longer  produces  the  particular  move- 
ments characteristic  of  the  area.     Unless  it  can  be  shewn  that  tht 
injury  in  such  cases  produces  marked  changes  in  the  cicrtrical  con- 
ductivity of  the  brain-substance,  this  observation  may   be  taken  as 
indicating  that  the  fibres  passing  downwards  from  the  area  to  deeper 

*  Hermann,   Pfliigcr's  w4 rr^w,  X.   (1875)  77.     Braon,  Eckhard't  Miitr^gi, 
VII.  (1S74)  127. 

*  Burdon  Sanderson,  /Vtv,  liajf,  Soc  XXll.  (1875)  368. 

*  Hermann,  i»/.  rit.  ^  Of,  iiL 
^  Hofmann  and  Scbwalbe's  Berieki,  1S76,  p,  30. 
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parts  of  the  brain,  have  through  degeneration  become  incapable  of 
conveying  the  impulses  set  gomg  by  the  application  of  the  current 
to  the  br.im-burfAce ;  that  the  connection  between  the  area  and  the 
deeper  p^irts  is  not  a  physical  one,  depending  on  the  escape  of  the 
current,  but  a  physiologiral  one,  dependent  on  the  exiiitencc  of  fibres 
passing  from  the  area  to  some  more  central  mechanism  and  capable 
of  producing  their  special  effects  when  stimulated  in  any  part  of  their 
coarse*. 

At  all  events,  these  various  experiments  shew  that  the  fact  of 
certain  movements  following  upon  siimulation  of  certain  areas»  is 
•n  Itself  no  satisfactory  proof  that  those  areas  are  to  be  considered 
as  'motor  centres.'  They  are  not  fundamentally  inconsistent  with 
the  hypothesis  that  such  centres  exiit ;  for  the  fibre*  proceeding  from 
the  centres  to  the  corpus  striarum  or  to  other  organs,  might,  when 
arti^cially  stimulated,  produL'e  the  same  eflfect  as  when  they  were 
the  channels  of  impulses  originating  in  the  centres  in  a  normal 
manner,  just  as  cardiac  inhibition  may  be  brought  about  by  artificial 
stimulation  of  the  vagui,  though  in  orJinar>'  hfe  it  occurs  through 
the  activity  of  th  •  medullary  cardio-inhibitory  centre.  They  arc  not 
inconsistent  with  the  hypothesis,  but  they  afford  it  very  little  positive 
support. 

On  the  other  hand,  if  these  circumscribed  areas  of  superficial  grey 
matter  are,  as  they  have  by  some  been  supposeti  to  be,  motor  centres 
in  the  sense  of  being  necessary  for  the  volitional  or  psychical  initiation 
of  movements  corresponding  to  those  produced  by  artificial  stimulation, 
particular  sets  of  voluntary  movements  ought  to  disappear  when 
particular  areas  are  removed  or  otherwise  rendered  functionally 
incapable. 

Similarly  if  the  phenomena  attendant  on  stimulation  of  these 
'motor*  areas  arc  to  be  interpreted  as  proving  a  localisation  of 
function,  we  ought  to  expect  that  in  those  regions  of  the  cerebral 
surface  in  which  stimulation  produces  no  movements  and  which  have 
accordingly  been  caJlcd  *  sensory '(a  term  however  distinctly  open  to 
objection),  the  removal  of  parucular  areas  would  give  rise  to  loss  or 
impairment  of  panicular  cerebral  functions  even  though  no  derange- 
ment of  muscular  activity  was  manifested. 

In  respect  to  the  '  motor'  areas  not  only  Hiuig  and  Ferricr,  but 
many  subsequent  inquirers,  have  observed  that  removal  or  destruction 
of  an  area  is  foUowea  by  an  inability  to  execute  the  movements  assigned 
to  the  area  or  at  least  by  a  difficulty  in  carrying  them  out.  Ferrier  at- 
tributes the  paralysis  thus  produced  to  an  absence  or  impairment  of 
volitional  or  psychical  initiation.  Hitzig'  on  the  other  hand  is  in- 
clined to  interpret  the  imperfection  of  the  movements  as  due  to  a  loss 
of  muscular  sense  or  '  muscular  consciousness  ;  ^  and  NothnageM,  who 
injected  minute  quantities  of  chromic  acid  into  limited  areas  of  the 
cerebral  surface,  observed  motorial  anomalies,  wh  ch  he  also  was  id- 
dined  to  regard  as  due  to  a  loss  or  impairment  of  the  muscular  sense, 

•  For  ft  f1isat'\}on  of  this  point  see  Rcpjrt  by  Dc*bb^,  y^unt.  Attain  ama 
Fkyt.,  Jan.  i87«. 

•  Op,  (it.  «  VirchowV  Artkw,  Ikl.  57  (1^73),  p.  l&l. 
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Noihnagcl  however  made  the  important  observation  ihat  the 
after  a  while  disappeared  ;  and  ia  this  he  has  been  corrol 
subsequent  observers.  Ferrier  appears  to  have  kcpi  his  adi 
for  a  few  days  only  at  the  utmosti  and  to  have  ceased  his 
before  adequate  recovery  had  taken  place.  Hermann*  rem 
dogs  cerebral  areas,  stimulation  of  which  gave  localized  m 
and  found  that  the  paralysis  which  iinraediateJy  foUowed  the 
after  some  days  wholly  disappeared.  Carville  and  Duret*ol 
same  results,  and  they  shewed  that  the  restitution  of  poirer 
be  due  to  a  vicarious  action  of  the  same  centre  of  the  omer  h 
since  after  recovery  from  a  left-sided  paralvais  due  to  an  o 
the  right  hemisphere,  subsequent  operation  on  the  same  centre  of 
left  hemisphere  produced  the  usual  effect  on  the  right  side,  bu« 
cause  a  return  of  the  paralysis  on  the  left  side.  They  could 
concile  their  results  with  the  *  motor  centre  '  theory  by  su 
when  a  centre  was  destroyed,  other  portions  of  the  same  h 
took  up  its  functions,  an  hypothesis  which  is  m  itself  op^ 
'localisation^  theory.  Moreover  paralysis  more  readily  m 
pearance  in  operations  on  the  areas  for  the  fore  leg  and  hind  I 
those  on  other  areas  ;  thus  Albertoni  and  Michieli^  removed 
for  the  movements  of  the  jaw  and  tongue  without  any  paralysi 
organs.  But  the  most  serious  objections  to  the  theory  of 
centres  in  any  of  the  forms  in  which  it  has  yet  been  brought  fonii 
are  furnished  by  the  observations  by  Goltz*  on  do^^  He  rem 
parts  of  the  cerebral  surface  by  washing  the  ner\'ous  substance  3 
with  a  stream  of  water,  a  method  which  has  the  advantage  of  caul 
comparatively  little  bleeding,  and  affording  considerable  localizati' 
the  mjury  ;  and  he  found  that  the  operation  was  followed  at 
more  or  less  paralysis.  He  failed  however  to  find  any  exact 
spondence  between  the  areas  destroyed  and  the  groups  of  mui 
affected,  the  paralysis  manifesting  itself  most  readily  in  the  forei 
hind  limbs,  and  generally  to  a  certain  extent  in  both  together,  M 
over,  and  this  is  the  important  point,  the  paralysis  in  a  short 
wholly  disappeared  whatever  the  portions  of  brain  removed.  Botll 
amount  of  mischief  done,  and  the  speed  and  compi'  ♦'*•••  —  --  -.  ..i^  -  > 
recovery  took  place,  depended  not  on  the  locality 
older  observers  found,  on  the  quantity  of  brain 
After  recovery  from  one  operation,  a  second  removal  of  br^tn-substai 
reproduced  the  same  phenomena  as  Uie  previous  one  ;  and,  thoug 
first  sight  this  might  be  taken  as  supporting  Carville  and  Uurel's  ih< 
of  a  vicarious  action  of  other  parts  of  the  same  hemisphere,  the  tmi 
sibility  of  such  a  view  is  proved  by  the  fact  that  Colli  was  ahJc  to 
move  the  greater  part  of  the  grey  matter  of  one  hemisphere,  and 
recovery  of  muscular  power  eventually  took  ola'C.  GoJtjt 
that  all  the  temporary  phenomena  arc  due  to  the  superbctal 

*  Op,  a£,  •  Archives  dePhyiioi.  II.  (1875)  p.  35X 
>  Op,  d(,     Cr  also  Lu'^sana  and  l.emoigne*  Arckiveide  Phyticiiy^  iv,  f|^ 

p.  119  et  *.eq,     Lucimii  and  Tambunui,  SmC'ftfti  /IwVu-//njrtn'  C^rtratU^  t\ 
l>upuy,  Rcsiarthts  into  the  rhysii>lo^  of  the  /irain^  New  \'ork,  iS^S^ 

*  Pfliigcr's  Arekh',  xili.  (1^76)  p.'  1,  xi\.  (l»77)  p.  412,  xx.  (1S79)  (^  ] 
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exercising  inhibitory  influences  on  the  parts  of  the  brain  lying  between 
the  cerebral  convolutions  and  the  spinal  cord.  He  very  aptly  compares 
the  paralysis  caused  by  operations  on  the  surface  of  the  cerebnim  to 
the  paralysis  of  the  lumbar  spinal  centres  which  results  from  and  lasts 
some  ttmc  after  division  of  the  spinal  cord  in  the  dorsal  region.  In  one 
case  in  which  he  removed  the  greater  part  of  both  hemispheres  the  dog 
lived  for  months,  and  shewed  eventually  no  si|^s  whatever  of  any 
mtiscular  weakness  ;  all  ihc  muscles  of  his  body  were  firm  and  well 
built,  and  the  only  permanent  failure  in  the  way  of  movement  was  a 
certain  clumsiness  ;  and  this  Gohz  argues  to  be  merely  the  result  of  a  ' 
deficiency  ot  tactile  sensibility,  which  as  wje  shall  see  presently  is  a 
striking  result  ot  lai^c  injuries  to  the  cerebfal  hemispheres.  Goitz's 
experiments  arc  in  fact  absolutely  opposed  to  the  hypothesis  of 
'motor '  areas  in  any  part  of  the  brain- surf ace» 

Turning  now  to  the  second  line  of  inqu'ry  indicated  above,  vii, 
whether  the  removal  of  particular  areas  ot  the  brain-surface,  even  in 
fhose  regions  in  which  stimulation  evokes  no  visible  movements,  in- 
terferes with  the  production  or  development  of  particular  sens'^iionaor 
otherwise  modifies  in  particular  ways  the  functions  of  the  brain,  we 
find  that  Fcrrier  and  others  contend  for  the  existence  of  definite  areas 
in  connection  with  the  various  senses,  areas  which  may  accordingly  bj 
spoken  of  as  *  sensory/  Thus  Ferrier  describes  a  *  vjsua! '  centre,  the 
destruction  of  which  entails  blindness  of  the  opposite  eye,  an 
'auditor)'' centre^  a  *  tactile*  centre,  centres  for  taste  and  smell,  and 
even  a  centre  for  hunger.  Further  inquiries  have  brought  to  light  a 
number  of  facts  which  deserve  special  attention,  and  which  have  been 
most  fully  studied  in  reference  to  vision.  The  older  observers, 
Flourens  and  others,  had  remarked  that  injury  to,  or  removal  of  por- 
tions of,  the  cercbml  hemispheres  frequently  caused  blindness :  this 
however  appeared  to  be  of  a  temporary  character  only,  the  animal,  at  a 
later  pcrioa^  seeming  upon  a  superficial  examination  to  luive  com- 
pletely regained  its  sighL  Goltz*  however  has  called  attention  to  a  re^ 
markable  imperfection  of  vision  which  is  more  or  less  permanent  after 
extensive  injuries  to  the  cerebral  hemispheres,  but  which  without  care 
might  escape  notice.  The  salient  character  of  this  imperfcctmn  is 
that  though  the  animal  evidently  can  see,  an"!  uses  his  sight  su'cess- 
fuUy  in  avoiding  obstacles  and  guiding  his  movements,  yet  what  he 
sees  does  not  produce  its  usual  ctfect  on  him ;  he  obviously  f;iih  to  re* 
cognise  many  things,  and  has  become  indifferent  to  scenes  which  for- 
merly affected  him  strongly.  Thus  a  dog  from  which  portions  of  the 
cerebral  hemispheres  have  been  removed,  fails  to  recognise  his  food  by 
sight ;  when  he  is  thrcitened  i^ith  the  whip,  he  is  not  cowed  ;  when  the 
hand  is  held  out  for  his  paw  he  males  no  response  ;  and  though  before 
the  operation  he  became  violently  excite^i  when  the  laboratarx'  scrvanl 
dressed  in  a  fantastic  garb  was  presented  to  him,  he  remains  after  the 
operation  perfectly  indifferent  to  the  s-Tn»e  image.     Another  striking 

I  character  of  this  imperfection  of  vision  is  that  recovery  from  it  to  a 
considerable  extent  is,  under  certain  drcumbiances,  possible  by  means 
of  ^ucatumal  exercise  ^  the  dogi  which  at  first  could  not  recognize  his 
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food  by  sight,  and  was  indifferent  to  the  whip,  learns  aftw  a 
know  the  one  and  to  respect  the  other.     Novr  it  is    * 
terprelations  may  be  given   of  this  peculiar   imp 
The  usual  psychical  effects  may  fail  simply   because   uif 
pulses  are  unable  to  give  rise  to  sufficiently  well  defined  scnsai 
perceptions  and  vision  consequently  remains  mist'     ■     ■♦'  rhur 
seen  through  a  game,  and  possibly,  to  adopt  Goltz'-  n, 

their  colours  washed  out  ;  under  such  circumstance^  ..-, 
readily  recognize  meat  as  meat  nor  appreciate  the  fant 
the  laboratory  servant.  The  other  interpretation  sup 
failure  is  due  to  the  absence  of  intellectual  factors,  that  the 
may  be  intact  but  from  the  break  in  the  cerebral  substance 
give  rise  to  ideas  or  to  excite  the  memory  of  past  exp>erience. 
beneficial  elTects  of  exercise  are  obviously  explicable  on  both 
theses.  Under  the  first  view,  the  dog,  still  possessing  imd 
powers,  simply  learns  to  make  use  of  his  imperfect  sensations, 
he  would  do  if  the  imperfect  vision  had  been  due  to  simple  inji 
disease  of  his  retina.  Under  the  second  view,  new  ideas,  m 
perience,  and  a  new  memory  are  formed  afresh  ;  the  dog 
more  to  interpret  his  visual  sensations  in  the  same 
did  in  his  early  days.  The  first  view  is  the  one  held  by 
second  view  is  maintained  by  Munk*,  who  accordingly  speaks 
imperfection  of  vision  of  which  we  are  speaking  as  *  psvi2 
blindness  in  conlridistinction  to  a  blindness  in  wbich  scnsoi 
pulses  passing  along  the  optic  nerve  altogether  fail  to  excite 
sensations  in  the  brain,  and  which  we  may  speak  of  as  * 
blindness. 

Similar  but  less  striking  imperfections  of  the  other  senses 
served  by  Goltz  as  attendant  on  removal  of  portions  of  the  c€ 
hemispheres,  and  Munk  in  accordance  with  the  view  just 
describes  a  psychical  deafness  and  psychiciU  failures  of  the 
senses. 

Bearing  in  mind  the  distinctions  just  raised  we  may  return 
question  of  localization.  Munk*  insists  on  the  existence  of  a  * 
area^'  seated  on  the  posterior  lobes  but  differing  in  position  from 
much  wider  extent  than  that  of  Ferrier.  He  maintains  not  onl 
removal  of  this  area  causes  blindness,  without  necessarily  pro< 
any  other  cliange  in  the  animal,  but  also  that  parts  of  this  area 
spond  to  parts  of  the  retina,  extirpation  of  small  portions  of  iht 
giving  rise  to  blindness  in  particular  parts  of  the  retina,  the 
being  as  it  were  projected  on  to  the  cerebral  surface  so  that  a 
loss  of  the  *  visual  area' gives  rise  to  a  functional  blind  spot^ 
speak,  in  the  retina.  Thus  m  the  dog  the  retinal  area  of  distinct' 
he  regards  as  connected  with  the  central  parts  of  the  visual  area 
brain  of  the  opposite  side,  while  the  external  (temporal)  parts  ( 
retina  are  connected  with  the  external  parts  of  the  area  of  the  bi 
M/  sam^  siiiif  the  internal  (nasal)  parts  with  the  internal  (median) 

*  VerhandL  d,  physwL  Gadi.  x.  Beriin^  1876-77.  No*.  1 6,  17,  35  ;  |« 
Nof.9,  10;  1878  79,  4,  5.  18.  Archivf,  Anaf,  u.  Phy$.  (Thys.  Abth  1- 
pp.  16a,  547,  599.  *  Op,  mi. 
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upper  parts  with  the  front,  and  the  lower  parts  with  the  hind  parts 
the  area  of  the  opposite  side.  These  results  of  circumscribed 
^absolute'  blindness,  he  states,  are  accompanied  by  psychical  bltnd- 
►5,  from  which  the  animal  may  recover  by  due  practice  and  ex- 
jrience,  provided  that  the  whole  visual  area  be  not  removed,  Therc- 
»vcry  from  psychical  blindnesii  Munk  interprets  as  being  carried  out 
}y  what  may  be  crudely  spoken  ot  as  the  deposition  of  new  visual  ex- 
icnccs  in  the  rest  of  the  visual  area.  In  analogy  with  this  visual 
he  describes  an  auditory  area  differing  apiin  fromthritof  Ferrier, 
id  he  regards  the  whole  front  part  of  the  brain  as  forming  a  large 
•  scn^or>'  •  area,  in  which  he  distinguishes  separate  sensory  areas  (areas 
of  tactile  sense,  of  muscular  sense  and  general  sensibility)  for  the  fore 
limb,  the  hind  limb,  the  eye,  the  head,  the  neck,  &c. 

Absolutely  opposed  to  Munk*s  results  are  those  of  Goltz,  This 
author  in  his  latest,  as  in  his  earlier  researches,  insists  most  strongly 
that  he  can  no  more  obtain  distinct  evidence  of  localisation  in  reference 
to  sensation  than  in  reference  to  movements.  When  in  a  dog  the 
legions  arc  slight  the  recovery  from  imperfections  of  vision,  of  the 
other  senses,  and  of  general  sen<;ibility  which  follow  immediately  on 
the  operation  may  be  complete.  When  a  larger  portion  of  brain  is  re- 
moved the  peculiar  imperfections  discussed  above  became  striking*  and 
the  so-called  psychical  blindness,  together  with  the  corresponding  im- 
pcrfc-tions  of  the  other  senses,  may  become  permanent.  When  still 
larger  portions  are  removed,  as  in  the  case  of  the  dog  from  which  the 
greater  part  of  both  hemispheres  are  removed,  virion  becomes  so  im- 
perfect that  though  the  animal  can  see,  since  he  avoids  obstacles  in  his 
path,  and  his  movements  are  obviously  guided  by  vision,  still  to  a 
superficial  observer  he  seems  completely  blind  ;  a  match  may  be  struck 
just  bcfure  his  face  without  his  taking  any  notice  of  it  though  his 
pupils  contract,  so  little  able  are  visual  impulses  to  produce  any  cere- 
bral reactions.  Similar  phenomena  were  witnessed  by  Golu  with 
regard  to  the  other  senses.  In  all  cases  the  characters  of  the  result 
depended  on  the  extent  of  the  injury,  on  the  quantity  of  brain-substance 
removed,  and  not  on  the  loraliiy  operated  on  ;  the  amount  of  amelio- 
ration of  the  so-called  psychical  blindness  possible  by  practice  and  ex- 
perience being  determined  partly  by  the  amount  of  damage  done  to 
vision  Itself  and  pardy  by  the  degree  to  which  the  gentrat  intellect  of 
the  animal  bad  been  impaired  hy  the  operation.  Goltz  thinks  that 
perhaps  destruction  of  the  parietal  lobc^  has  the  greater  effect  on 
tHCtilc,  and  destruction  of  the  posterior  lobes  the  greater  effect  on 
visual  sensations,  but  he  can  6nd  no  well-marked  localized  areas.  The 
dog,  according  to  him,  from  which  a  large  portion  of  the  cerebral  he  mi* 
spheres  has  been  removed  is  a  dog  reduced  to  idiocy  by  a  cutting  off  of 
the  higher  elaborations  of  all  the  sensory  impulses  which  reach  him, 
and  by  a  curtailing  of  his  general  psychical  activity  ;  and  he  is  brought 
to  this  condition  step  by  step,  as  more  and  more  of  bis  cerebral 
substance  is  removed. 

Besides  the  experimental  evidence  jusl  disciissed  we  have  also 
pathological  indications  of  the  connection  of  certain  tnovcments 
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with  a  particular  convolution.     The  coDdition  kDOvn 
using  that  word  in  its  general  sense,  including  its  several 
as  meaning  the  loss  of  articulate  speech,  is  so  often  assoi 
disease  of  the  posterior  ponion  of  the  third   frontal  c 
Fig»  70,  71  (9)  (lo),  that  it  becomes  impossible  not  10 
there  must  be  some  causal  connection   between  this  pi 
brain  and  speech.     In  the  vast  majorit>'  of  cases  the 
the   left  side  of  the  brain  and   occurs    in   company 
hemjplegm,  but  cases  have  been  recorded  where  the  rij 
the  brain  was  affected. 

Seeing  that  articulate  speech  is  a  thmg  learned  by 
suggested  that  in  most  persons  one  side  of  the  brain 
educated  for  this  purpose,  and  hence  that  one  side  on 
is  employed ;  that  we  are  in  fact  left-brained  in  respect  t 
the  same  way  that  we  are  right-handed   in  respect  to 
movements ;  and  this  view  is  apparently  supported  by 
the  left  side  of  the  bram  is  on  the  whole  lar^jer  and  more 
than  the  nght  si.le ' ;  but  the  Question  of  the  dual  action 
cerebral  hemispheres  is  too  dark  a  subject  to  enter  into  her* 

It  is  obvious  that  loss  of  speech  may  arise  from  a 
causes.  It  may  be  due  to  simple  paralysis  of  the  hypog 
other  nerves  concerned  m  speech.  It  maybe  occasioned 
perfciion  in  the  coordinating  mechanism  by  wliich  th< 
impulses  are  marshalled  just  previous  to  their  exit  from 
nervous  system.  Cr  it  may  be  caused  by  a  brea  :  in  tlj 
chain  conoccling  the  idea  of  the  word  with  this  coordm 
mechanism  of  expression.  Liistly,  the  fault  may  he  in  the 
of  the  idea  itself.  Jt  is  the  two  latter  forms  of  aphasia  whi 
to  be  connected  with  the  cerebral  convolution  spoken  of  ab<3 
cases  are  strikingly  parallel  to  that  of  the  dog  just  mentiom 

Sec.  4.     The  Functions  of  other  Parts  of  the 

Although  much  has  been  written,  and  many  experimi 
formed,  in  reference  to  the  various  parts  of  the  brain, 
which  have  thereby  been  worked  out  are  for  the  \ 
neither  satisfactory  nor  consistent :  indeed,  the  proper  m 
study  the  brain  is  probably  to  trace  out  a  cerebral 
along  its  chain  of  events  rather  than  to  seek  to  attaci 
deiinable  functions  to  the  cerebral  anatomical  componcrn 

A  fundamental  difficulty  meets  us  ai  the  threshold  of  eveif 
into  the  particular  functiun  of  any  part  of  the  brain.  When 
such  for  instance  as  the  corpus  striatum,  is  removed  hy  iho 
placed  h(ws  de  combaty  or  thrown  into  an  abnormal  cundiii 

*  This  statement  bv  Graliolet  has  however  been  opposed  by  Eckcr  4 
but  cf.  Boyd  \Fkit.  trans.  1861,  p,  261). 
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injection  of  corrosive  fluids,  or  by  hemorrhage,  or  by  other  palho* 
lo^icEil  changes^  we  have  no  right  to  infer  that  the  negative  phenomena, 
loss  of  vohtion,  of  sensation,  &c.,  which  make  their  appearance,  prove 
that  in  its  normal  condition  the  organ  in  question  is  a  seat  or  a  main 
tract  of  volition,  loss  of  sensation,  &c.  This  may  be  the  explanation 
of  the  experiment  or  malady  ;  but  it  may  not,  Whatever  may  prove 
in  the  end  to  be  the  nature  of  nervous  inhibition,  it  is  clear  that 
inhibitory  actions  are  important  factors  in  the  production  of  nervous 
phenomena.  In  almost  every  instance  in  whi.'h  we  have  treated  of  a 
nervous  mef^hanism  we  have  had  to  deal  with  inhibition,  f>.,  with  a 
nervous  action  interfering  with  another  nervous  action.  Indeed  the 
nervous  phenomena  of  the  heart,  of  the  vaso-motor  system,  of  the 
respiratory  centre  and  of  the  spinal  cord  generally  become  a  confused 
medley  if  we  refuse  to  admit  that  certain  effects  are  due  to  the  action 
of  one  part  of  a  nervous  mechanism  inhibiting  (or  conversely  in- 
creasing) the  actions  of  another  part.  But  if  thi^i  be  the  case  in  such 
com pira lively  simple  ner\'ous  mechanisms,  we  have  every  reason  to 
expect  that  inhib.lory  actions  play  a  distinguished  part  in  the  operations 
of  the  far  more  complex  nervous  machinery  of  the  brain.  This  being 
granted,  it  is  obvious  that  any  interference,  by  experiment  or  disease, 
with  the  normal  working  of  the  brain,  may  act,  as  far  as  inhibition  is 
concerned,  in  two  different  way*.  In  the  fir^t  place  the  interference 
may  place  hors  de  iombat  a  part  of  the  brain  which  previously  was 
ejtertmg  an  inhibitory  influence  on  another  perhaps  quite  dist^int  part, 
just  as  section  of  the  vagi  in  the  dog  relieves  the  heart  from  the  cardio- 
inhibitory  influences  of  the  medulla  oblongata  ;  and  the  part  of  the 
brain  thus  freed  from  its  wonted  restraint  may  fall  into  disorderly 
action.  Obviously  in  such  a  case  the  real  seat  of  the  disorder  is  in 
this  part  and  not  in  the  (distant)  inhibitory  part  directly  operated  on. 
In  the  second  place  the  interference  itself,  the  injury  to  the  nervous 
elements  caused  by  the  knife,  or  the  cautery,  or  by  the  sequent  in- 
flammatory processes,  or  by  the  irritation  of  disease,  may  act  as  a 
stimulus  discharging  impulses  which  exert  an  inhibitory  influence  on 
tt  may  be  distant  organs.  And  when  we  consider  the  dehcacy  and 
activity  of  the  elements  of  the  central  nervous  system,  it  is  not  sur- 
prising that  the  effects  of  even  a  simple  ineision  should  be  profound 
and  should  last  some  considerable  time.  Goltz  has  called  attention,  in 
this  respect,  to  the  effects  of  dividing  in  the  dog  the  spinal  cord  in  the 
dorsal  region.  Immediately  nfter  the  operation,  reflex  movements  in 
the  hand,  legs,  and  other  parts  connected  with  the  lumbar  cord  are 
entirely  absent,  and  their  absence  continues  for  a  considerable  period, 
the  dog  in  this  respect  presenting  a  m  irked  contrast  to  the  frog.  In 
lime  however,  as  the  wound  in  the  spinal  cord  heals  up,  reflex  move- 
ments make  their  appearance,  and  as  we  have  already  seen  (p.  606) 
are  abundant  and  manifold  In  sujh  a  case  we  must  either  suppose 
that  in  the  normal  dog  the  reflex  movements  of  the  hind  limbs,  &c, 
require  for  their  development  the  presence  and  activity,  not  only  of 
the  lumbar  cord  but  also  of  parts  of  the  cerebro-spinal  axis  lying 
higher  up,  and  that  such  reflex  movemo^^^do  eventually  appear 
after  section  of  the  dorsal  cord  are  nevir'W*^""*"'^,irnidually  forced, 
80  to  speak,  on  the  lumbar  cord  i  r.  :  rlated  position ; 
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or  we  QYjSt  admit  that  the  section  of  the  dorsal  cord  has 
the  time  being  a  profound  inhibitory  action  on  the  lu 
The  latter  view  is  as  much  in  consonance  with,  as 
opposed  to,  all  other  physiological  C3cp»ericnce,  But , 
latter  view»  then  we  may  fairly  ask,  why  sliould  not 
injury  to,  or  disease  of  parts  of  the  still  more  highly  orfj 
produce  similar  inhibitory  effects  in  other  parts  of  " 
machinery?  If  however  we  admit  thisy  it  follows  that 
is  necessary  in  explaining  the  results  of  any  operatioQ 
Difficulties  such  as  these  are  more  likely  to  occur  in  ca_ 
than  even  in  those  of  operative  interference  ;  and  it  is 
renders  caution  so  necessary  in  the  physiological  handliiu 
facts  \  ^ 

We  niay  therefore  be  permitted  to  summarise  very 

actually  known. 


Corpora  Striata  and  Optic 


TTtaJamiJ^^k 


The  preceding  discyssions  enable  us  to  lay  down 
propositions:  (1)  The  functions  of  the  cerebral  conva 
eminently  psychical  in  nature;  these  parts  of  the  brain 
and  as  far  as  we  can  judge,  intervene  only,  in  those  op 
the  nervous  system  in  which  an  intelligent  conscioii 
volition  play  a  part.  (2)  The  hinder  parts  of  tlie  brai 
corprara  quadrigemina,  crura  cerebri,  pons  Varolii,  cereb 
medulla  oblongata^  are  capable  by  themselves  of 
execotion  complex  movements,  the  coordination  of  whi 
very  considerable  elaboration  of  afferent  impulses  ;  th 
this  even  in  the  case  of  such  mammals  as  the  rabbit 
in  the  total  absence  of  the  cerebral  hemispheres,  corpo 
and  optic  ihalami  These  two  latter  bodies^  often  sp<i 
*  the  basal  ganglia,'  are  undoubtedly  the  great  means  of 
cation  between  the  cerebral  hemispheres  on  the  one  haxj 
crura  cerebri  on  the  other.  Though  some  fibres  »  do  paa 
crura  by  or  through  the  ganglia  to  the  cerebral  convolul 
out  being  connected  with  the  nerve-cells  of  those  g, 
great  mass  of  the  peduncular  fibres  are  probably  conn 
the  superficial  grey  matter  of  the  hemispheres  in  an  indi 
neronly,  the  lower  or  anterior  fibres  (crusia)  passing 
corpora  striata,  and  the  upper  or  posteijor  fibres  (/ 
the  optic  thalami.     This  anatomical  disposition  woi 

suppose  that  these  bodies  have  important  functions  

between  the  psychical  operations  of  the  cerebral  convo 

•  Cf.  Brown -Se<^uard,  Archives  df  Physiol.  IV.  (1877)  p.  409 

•  Quain's  Anatcmy^  8th  ed.  11.  555. 
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the  one  hand,  and  the  sensori-motox  machinery  of  the  middle  and 
hind  brain  on  the  other;  and  the  separate  courses  taken  by  the 
peduncular  fibres  would  further  lead  us  to  expect  that  thefuDCtions 
of  the  corpora  striata  differ  fundamentally  from  those  of  the  optic 
thalami. 

When  in  the  human  subject  a  lesion  occurs  involving  both  these 
bodies,  on  one  side  of  the  brain,  the  result  is  a  loss  of  sensation 
in,  and  voluntary  power  over,  the  opposite  side  of  the  body  antl 
face,  a  so-called  hemiplegia,  which  may  be  absolutely  complete 
without  any  impairment  whatever  of  the  intellectual  faculties. 
The  will  and  the  power  to  receive  impressions  are  present  in  their 
entirety,  but  neither  efferent  nor  afferent  impulses  can  make  their 
way  to  or  from  the  peripheral  organs  and  the  cerebral  convolutions. 
The  injury  to  the  basil  ganglia  blocks  the  way.  In  the  great  ma* 
jority  of  cases,  ilie  anaesthesia  (or  loss  of  sensation)  and  akinesia 
(or  loss  of  movement)  are  absolutely  confined  to  the  opposite  side 
of  the  body ;  and  the  cases  in  which  a  lesion  of  the  basil  ganglia 
of  one  side  of  the  brain  affects  the  same  side  of  the  body  or  both 
sides,  must  be  regarded  as  exceptional,  and  explicable  as  the  re- 
sults of  the  action  of  one  side  of  the  brain  on  the  other  side  either 
of  the  brain  or  of  some  region  of  the  cerebrospinal  axis.  The 
results  of  experiments  on  animals  agree  entirely  with  the  general 
experience  of  pathologists,  that  lesions  of  the  corpora  striata  and 
optic  thalami  produce  their  effect  on  the  opposite  hide  of  the  body. 
Whatever  be  the  view  taken  conceiTiing  the  decussations  of  sensory 
and  motor  impulses  in  the  spinal  cord,  it  must  be  admitted  that 
both  kinds  of  impulses  cross  over  completely  somewhere  during 
their  transmission  to- and  from  the  basil  ganglia  and  the  peripheral 
organs. 

When  however  we  have  admitted  that  these  bodies  act,  as  it 
were,  the  part  of  middlemen  between  the  cerebral  convolutions 
and  the  rest  of  the  brain,  we  have  gone  almost  as  far  as  facts  will 
support  us.  We  are  not  at  present  in  a  position  to  state  dog- 
matically what  is  the  nature  of  the  mediation  which  either  body 
respectively  effects.  A  very  tempting  hypothesis  is  one  w^hich 
suggests  that  the  corpora  striata  are  concerned  in  the  downward 
transmission  and  elaboration  of  efferent  volitional  impulses,  and 
the  optic  thalami  in  a  similar  upward  transmission  and  elaboration 
of  afferent  sensory  impulses  ;  and  there  are  many  facts  which  may 
be  urged  in  favour  of  this  view,  which  was  hrst  dev^h^TTil  and  ex- 
pounded by  Carpenter  and  Todd.  So  much  acci  '.c^d 
has  It  found,  that  many  pathologists  regard  it  as  csL.i.-...MC.J,  and 
speak  confidently  of  the  corpora  striata  as  motor  and  the  optic 
thalami  as  sensory  ganglia.     A  careful  review  however  o^ 
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facts  leads  to  the  conclusion  that  this  division  of  fiincdi 
yet  been  clearly  proved* 

The  pathologiral  evidence  in  this  case,  were  it  sharply 
accordant,  would  be   of  unusual  value  ;   but  it   is  neither 
the  other.     A  naniber  of  cases  indeed  may  be  cited  lo  sh 
that  lesions  of  a  corpus  striatum  may  be  .accompanied 
without  an^sthcsiai  but  that  lesions  of  an   optic  thaiam 
anicsthessia  without  actual  akinesia,  that   is  without  any 
ference  with  the  execution  of  voluntary  movements  than 
by  the  loss  of  the  coordinating  sensations.      Of  thcje  t 
cases,  the  latter  is  the  more  valuable,  since  all  clinical  cxpc 
that  any  lesion  more  readily  interferes  with  volitional  mov 
with   the   reception    of   sensory   impressions.       Convuisi 
common   when  the  lesions  are  cuniined  to    these 
witnessed  they  can  generally  be  referred  to  the  co 
thau  to   the  optic  thalami ;    like  the  paralysis,    t 
generally  limited  to  the  opposite  side    of    the   body,   ll 
movements  may  occasionally  be  seen  on  the  same  side 
the  other  hand,  numerous  cases  have  t>een  recorded  wh 
apparently  confined  to  one  corpus  striatum    has    had  a 
results  anaesthesia  of  the  opposite  side  of  the  body  ;  and 
disease  apparently  confined  to  an  optic  thalamus  has  c 
movement  as  well  as  of  sensation. 

Experiments  on  animals,   though  very   valuable   as 
investigation  of  movements^  arc  imperfect   means    of 
phenomena  of  conscious   sensations.      We   have    alreadj 
crude  unclaborated  sensations  may  originate  in  an  animal 
its  cerebral  hemispheres  ;  and  it  becomes  a  matter  of  gr 
lo  disentangle  the  evidences  of  these  primitive  seRsation 
ol:'  the  higher  psychical  perceptions.     Moreover  we  do  nol^ 
at  all  know  to  what  an  extent  the  larger  development  of 
hemispheres  in  man  has  influenced  the  ordinar>'  functions 
parts  of  the  brain.     It  may  be  that  important  functions  W 
rabbit  belong  to  the  middle  and  hind  brain  have,  in  manf 
appeared  in  order  to  make  these  structures  more  useful 
cerebral  hemispheres.     It  may  be,  however,  that  the  grea 
of  the  convolutions  has  simply  increased  the  ordinary  lab( 
middle  and  hind  brain.     We  cannot  at  present  say  whi 
resulted  ;  but  meanwhile  great  caution  ought  to  be  e-xercise<| 
inferences  from  experiments  on  a  rabbit,  or  on  a  do^j,  as 
the  fimclions  of  the  corresponding  parts  of  the  human  brai 

Fcrrit-r'  observed  that  when  the  corpora  striata  m-cre 
with  an  interrupted  current,  convulsive  movements  of  the  o 
of  the  body  took  place ;  the  animal,  when  the  stimulus  w^ 
being  thrown  into  complete  pleurosthotonus,  the  side  o! 
opposite  to  the  side  of  the  brain  stimulated  being  forcibly 
an  arch ;  the  localized  movements  observed  by  Burdon 
(p.  644)  were  lost  in  the  general  convulsions  caused  by  t 
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ijTcnt  aflccling  a  Urge  portion  of  the  organ.  When,  on  the  other 
id,  the  optic  thalami  were  simiLirly  stimulated,  no  such  convulsions 
observed*  On  this  point  Carville  and  Duret's '  obscrvTitions  arc 
accordance  with  those  of  Fenier ;  and  the  results,  as  far  as  they 
»,  appear  at  first  sight  to  be  in  accordance  with  the  theor>*  of  the 
iclustv^Jy  motor  functions  oi  the  corpora  striati,  and  the  exclusively 
ry  functions  of  the  optic  thalami.  But  it  would  obviously  be 
to  draw  any  such  conclusion  directly  from  them,  since,  if  the 
thalamus  is  concerned  in  the  transmission  and  elaboration  of 
»sory  impulses,  the  application  of  the  galvanic  current  to  it  ought, 
>y  disch:iTging  a  number  of  sensory  impulses,  to  give  rise  to  move- 
ments of  *omc  kind  or  other,  and  not  to  be  chanicteriied  by  the 
^scncc  of  all  elTccts.  Moreover  any  such  inference  is  opposed  by 
le  results  of  Noihnagers'  experiments.  This  observer  destroyed  by 
ijcction  of  chromic  acid  both  nuclei  Icnticularcs  {the  extra-ventricular 
trtions  of  the  corpora  striata)  of  the  rabbit,  with  the  result  of  bringing 
le  animal  aht.ust  exactly  into  the  same  condition  as  if  both  its 
jrcbral  liemisphcrts  had  been  removed.  VVhen,  on  the  other  hand, 
>y  the  help  of  a  spci^i.d  in^strument,  he  succeeded  in  destroying  both 
Iplic  tluilami  without  any  other  injury  to  the  brain,  nu  obvious  effects 
Mlowed  ;  there  were  no  signs  of  either  loss  of  volition  or  of  sensa- 
tion, Doiliing  in  fact  could  be  noticed  except  a  rather  peculiar  dis- 
position of  the  limbs.  When  the  nuclei  Icnticularcs  were  destroyed 
t)  TL  wns  no  apparent  loss  of  sensation,  that  js  to  say  the  animal 
f  lily  moved  when  stimulated  by  pinching  the  skin,  &c. :  but  it  was 
iiiH>u"isib!e  to  tell  whether  sensory  impulses  reached  the  cerebral 
convolutions,  since  no  manifestations  whatever  of  the  condition  of  the 
convolutions  were  possible.  The  animal  might  have  felt  acutely,  and 
yet  have  been  unable,  from  the  loss  of  the  appropri-ite  motor  tracts,  to 
express  itself ;  or  it  might  have  been  as  incapable  of  the  higher 
psychical  feeling  as  it  was  of  executing  spontaneous  movements,  The 
phenomena  resulting  from  destruction  of  the  nuclei  lenticulares  admit 
of  no  clear  prcK)f  in  either  direction.  The  fact,  however,  that  voluntary 
movements  continued  as  usual  after  complete  destruction  of  the  optic 
thalami  goes  far  to  prove  that,  in  the  rabbit  at  least,  these  bodies  are 
not  the  only  means  by  which  sensory  impulses  pass  to  the  cerebral 
convolutions.  Even  admittmg  (and  indeed  in  the  case  of  man  we 
know  that  the  general  anaesthesia  following  upon  lesions  of  the  optic 
thalamt  is  not  neces!»arily  accompanied  by  blindness  or  loss  of  any 
other  special  senscj  that  visual  and  other  sptrcific  impulses  still  reached 
the  rabbit's  convolutions  and  that,  in  consequence  of  the  cooidinating 
mechanisms  of  the  hmdtr  brain  being  still  intact,  the  coordination  of 
the  animal's  movements  might  still  have  been  carried  out,  yet  the 
initiation,  and  hence  the  general  character  of  those  movements,  must 
have  been  influenced  bythe  total  absence  of  all  psychical  taclde  sen- 
sations. Apparently  however  this  was  not  the  case :  the  movements 
did  not  in  any  way  beliay  ilic  lyss  of  any  factors. 


'  Ofi.  fit.     Ibid.  Bd.  $8  K\%ll\  ^  4^0 
(J875),  p.  201, 
•  Of,  fU» 


Bd.  60  (1874),  p.  129;  Bd,  6a 
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Lussana  and  Lemoigne  •,  who  regard  the  optic  thalamt 
centres  for  the  lateral  movements  of  the  anterior  limbs  (a 
one  optic  thalamus  paralysing  the  adduction  of  the  forciimbj 
corresponding  and  the  abduction  of  that  of  the  opposite  5ide)|  \ 
evidence  of  any  loss  of  general  sensibility  or  any   signs  of 
result  from  injuries  to  these  bodies,  and  no  ino\'einents  to 
stimulation  of  other  than  their  deep  parts.     After  a  lesion  he 
the  optic  thalamus  of  one  side  they  invariably  foiuid  blindnesT 
opposite  eye. 

Carville  and  Duret  *  found  that  in  the  dog  section  of  the  intci 
capsule,  or  expansion  of  fibres  pasbing  between  the  nucleus  h 
cularis  and  optic  thalamus,  in  the  anterior  part  of  its  course 
it  passes  between  the  nucleus  Icnticul.iris  and  tlie  nucleus  cau<' 
to  hemiplegic  loss  of  voluntary  movement  on  the  opposite  side,1 
stimulation  of  the  paralysed  limb  still  gave  rise  to  reflex  rao> 
When  the  section  w.is  carried  through  the  posterior  part  of 
pansion,  between  the  nucleus  Icniicularis  and  optic  thai-inius,  the' 
of  voluntary  niovemcnt  on  the  opposite  side  ot  the  body  was  acci 
panied  by  lois  of  sensation,  ue.  when  the  pamlysed'  limbs  i 
pinched,  no  responsive  reflex  movements  followed.  It  is  bdjcudi 
however,  to  draw  from  these  experiments  any  positive  con< 

NothnagL-1  J  observed  that  in  the  rabbit  voIunt*»ry  moi 
persisted  after  destruction  of  both  nuclei  caudati  ;  in  this 
portions  of  the  corpora  striata  presented  a  marked  coni 
nuclei  lenticu lares.     Nevertheless  destruction  of  one  n-; 
frequently  induced  a  certain  amount  of  paralysis  of  tl  tei 

of  the  body,  which  disappeared  after  removal  of  the  nu^_„  .    „udj 
of  the  other  side  ;  and  as  we  have  already  stated,  destruction  or  inj 
to  a  particular  part  of  llie  nucleus  caudatus,  viz.  the  so-caJlcd 
cursorius,  gave  rise  to  remarkable  forced   movements,    which  i 

their  appearance  even  after  the  previous  removal  of  the  rwicXt 

culares.  The  injection  of  chromic  acid  into  other  f>arts  of  the  ood 
caudatus  also  frequently  caused  for  a  while  forced  movements,  «ii 
straight  forward,  or  of  the  circus  kind,  whiih  differed  from  \h. 
witnessed  by  older  observers  in  operations  on  the  corpora  striata  ^ 
removal  of  the  hemispheres,  inasmuch  as  they  were  executed 
animal  still  pas^essing  intelligence,  and  frequently  striving  tal 
obstacles. 

It  is  impossible  at  present  to  give  a  satisfactory  explanatioi 
these  varied  and  frequently  mconst^mt  phenomena,  but  it  may  be" 
while  to  return  again  to  the  possibility  of  considering  some  at  Icasi 
the  phenomena  as  inhibitory  effects.  The  fact  that  the  panly; 
curvature  of  the  body,  and  the  circua  movements  resulting  from  Ics 
of  one  nucleus  caudatus  or  nucleus  lenticularis,  disapp>ear  when  i 
same  body  on  the  other  side  is  removed^  warns  us  ;«;^'ainst  too  hasi 
assuming  that  a  loss  or  diminuticm  of  voluntary  power  means  n< 
more  than  a  break  in  the  transmission  of  volitional  impulses  ; 

■  FUtologia  dd  treH/ri  wn/oti  encefalki,  jfijl^  and  ArtAwve^  4/  Pk%\ 
IV*  (1877)  p  ii9  et  seq.  '  O/,  *i 
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mean  that,  but  it  raay  mean  also  the  development  of  nervous  actions 
having  inhibitory  effects.  In  the  experiment  of  Carviile  and  Duret 
quoicd  above,  pmching  the  left  hind  limb  after  section  of  the  right 
internal  capsule  produced  no  leflex  action  whatever.  Now  it  is  absurd 
to  suppose  th:it  m  this  rabc  the  reflex  centre  was  removed,  or  any  part 
of  a  veritable  reflex  chain  broken,  because,  as  we  know,  pinching  the 
hind  limb  will  produce  a  reflex  movement,  provided  only  a  portion  of 
the  lumbar  cord  be  left  intact  and  ftin:tional.  There  must  in  this  case 
have  been  inhibition  of  the  lumbar  reflex  centres ;  and  if  of  these, 
why  not  of  other  centres,  reflex  or  automatic  ? 

^t  Corp&ra  Quadrigemina. 

^H  We  have  already  seen  that  the  centre  of  coordination  for  the 
^^povements  of  the  eyeballs  (p,  566)  and  that  for  the  contraction  of 
^^Hie  pupil  {p.  520),  He  in  the  neighbourhood  of  the  nates  or  an- 
^^brior  tubercles  of  the  corpora  quadngemina.  These  two  centres 
^^pre  associated  together  in  such  a  way  that  when  the  eyebalis  are 
voluntarily  directed  inwards  and  downwards,  as  for  near  vision,  the 
pupils  are  at  the  same  time  contracted  ;  and  when  the  eyeballs  are 
directed  upwards,  and  return  to  parallelism,  the  pupils  are  dilated 
to  a  corresponding  extent ;  when  both  eyeballs  are  moved  to- 
gether sideways  the  pupils  remain  unchanged.  We  have  seen 
(p.  566)  that  the  various  movements  of  the  eyeballs  may  be  brought 
about  by  direct  stimulation  of  particular  parts  of  the  nates,  and  are 
then  also  accompanied  by  the  appropriate  changes  in  the  pupils. 
The  association  therefore  of  the  movements  of  the  pupil  and  of 
the  ocular  muscles  is  not  simply  psychical  in  nature  but  is  depen- 
dent on  the  close  connection  of  their  respective  centres.  From 
the  fact  of  the  movements  of  the  eyeball  and  pupil  being  so 
readily  and  variously  excited  by  stimulation  of  the  nates,  it  has 
been  inferred  that  the  centres  for  these  movements  lie  in  those 
bodies  * ;  it  would  appear  however  that  what  raay  be  called  the 
real  or  immediate  centres  of  these  movements  lie  beneath  the  cor- 
pora quadrigemina,  in  the  front  part  of  the  floor  of  the  aqueduct  of 
Sylvius,  and  therefore  are  affected  in  an  indirect  manner  only  when 
the  corpora  quadrigemina  are  stimulated. 

The  more  exact  determination  by  Hensen  and  Voeikers  of  the 
topography  of  the  centres  for  the  movements  of  the  eyeball  and  pupil 
j(sce  p,  524)  explains  the  results  of  Knoll  who  found,  in  opposition  to 
^■'''" '^'"ns,  Badge,  and  others,  that  reflex  contraction  of  the  pupils 
led  even  after  removal  of  the  corpora  quadrigemina,  ami  helps 
jr  up  the  discrepancy  bet^veen  Adamuk*  and  KnotI  as  to  dilation 
of  pupil  being  produced  by  stimulation  of  the  testes  or  of  the  nates. 


'  Adamuk,  Cbt,  mtd,  H'tu,  1870,  p.  65, 
F.  P. 
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Hcnsen  and  Voelkers  found  their  experiments  untrustw 
as  they  merely  stimulated  the  corpora  quadrigcmins  ;  it 
they  divided  these  bodies  and  stimulated   the  oitderiyiA 
their  results  became  uniform, 

Fiourens  observed  that  unilateral  extirpatton  of 
quadrigemina  in  mammals  or  of  the  optic  lobes  in  bin 
blindness  in  the  opposite  eye ;  and  the  same  result  has 
by  many  subsequent  observers*.  We  have  seen  mi 
both  frogs,  birds^  and  mammals  continue  to  receirc 
limits  to  react  upon  visual  impressions  after  the  tijial 
the  cerebral  hemispheres.  From  these  facts  we  infa 
sensory  impulses  become  transformed  into  visual 
corpora  quadrigemina ;  or,  in  other  words,  that 
structures  are  centres  of  sight.  But  they  are  so  in 
only.  We  have  seen  that  destruction  or  injury 
hemispheres  profoundly  affects  vision.  In  the  abs4 
cerebral  convolutions,  a  crude  vision,  devoid  of  di: 
perceptions,  is  probably  all  that  is  possible.  The  pro 
stituting  distinct  and  perfect  vision,  in  fact,  begin  in 
and  are  partially  elaborated  in  the  corpora  quadrigemii 
in  the  optic  thalami',  but  do  not  become  complete!/ 
until  the  cerebral  convolutions  have  been  called  into  c 

In  those  animals  (/x.  j^.  rabbits)  in  which  unilateral  d 
the  corpora  quadrigemina  entails  bhndaess  of  the  opposj 
yet  does  not  aff«ct  at  all  the  visual  sensor>'  impulses  itrigiQ 
eye  of  the  same  side,  it  is  obvious  that  a  complete  decu: 
sensory  impulses  must  take  place  before  the  centre  is  rcacli 

The  question  however  whether  decussation  of  fibred 
sequently  of  impulses)  in  the  optic  chiasma  is  complete  or 
whether  the  optic  tract  of  one  side  is  the  contmuation  of  ai 
in  the  optic  nerve  of  the  opposite  side  or  whether  it  is 
representatives  of  the  optic  nerves  of  both  sides,  is  one 
been  much  debated,  both  from  an  anatomical  and  a  p] 
standpoint.  As  regards  mammals,  the  results  of  expe; 
observation  differ  according  to  the  animal  employed  K  In 
the  decussation  appears  to  be  complete;  destruction  of 
quadrigemina  on  one  side  causes  degeneration  of  the  opf 
nerve  but  not  at  all  of  that  of  the  same  side,  and  removal  c 
degeneration  of  the  opposite  optic  tract  but  not  at  all  of 
same  side,  while  longitudinal  section  of  the  chiasma   i 

*  McKcndrick,  Trans.  Roy,  Soc.  Ed.,  1873. 
■  Lussana  and  Lcmoignc,  of,  cU<, 

*  BiesiadecWi,  MolcschoU's  Untersiuh,  vni,  (1862)  156^  Mandel 
w%ai,  IVist,  1873,  p,  J39;  and  Anhiv  fur  Opthalmol.  xix,  (i 
Guddcn»  Arthiv  /,  OpthtxltrwL  XX,  (1874)  p.  249.  Michel, 
p.  29-375. 
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blinilncs's.  In  the  dog,  destrucuon  of  one  retina  ^vcs  rise  to  strands 
of  degeneration  in  both  optic  tracts  %  and  Nicati  *  has  in  the  cat 
Succeeded  in  dividing  the  chiasnia  without  destroying  vision  ;  from 
which  it  IS  interred  that  in  these  animals  the  decussation  is  incompicte. 
Munk's  experiments  (see  p.  648)  arte  also  in  favour  of  an  incomplete 
decu:»sation  m  the  dog,  since  destruction  of  the  visual  area  on  one 
iDCerfcrcs  with  the  sight  of  both  eyes.  In  man  M mdeJsta.nm  * 
_  aij^ed  from  the  various  forms  of  heraiopia  (in  which  portions 
<Mi1y  of  the  retinae  are  Insensible  to  li).;ht),  tliat  the  decussation  is  com- 
plete ;  but  the  concurrence  of  hemiopia  in  both  eyes  with  hemianthcsia, 
or  hcmipJegia,  and  other  symptom*  indicating  disease  of  one  side  of 
the  brain  only,  has  generally,  though  not  perhaps  conclusive!*,  been 
held  to  prove  that  in  man  the  decu$9ation  is  incomplete  ;  and  Gowers* 
tjui.tc-s  a  case  where  hemiopia  of  both  sides  resulted  from  disease 
iiicd  to  one  optic  tract,  and  brings  other  evidence  in  favotir  of  the 
that  the  decussation  is  incomplete. 

FloLirens  and   subsequent   observers    noticed  that   injury    or 

loval  of  the  corpora  quadrigeminaoti  one  side  frequently  caused 

red   movements,  and  thai  removal  of  the  whole  mass  led  to 

jAt  want  of  cordinaiion.     These  results  are  quite  in  haxmony 

Uh  the  fact  mentioned  above  (p.  635)  concerning  the  coordi- 

Lting  functions  of  the  optic  lobes  in  frogs.     But  at  present  we 

tvc  no  exact  knowledge  concerning  the  nature  of  the  coordina- 

m,  and  what  relations  arc  borne  in  this  respect  by  the  corpora 

Irigemina  to  the  cerebellum,  crura  cerebri,  and  pons  Varolii. 

Floiirens  in  many  cases  entirely  removed  the  corpora  bigcmina 

»m  birds  without  any  incoordination  or  disturbance  of  movements 

mitmg,  thouijh  they  were  seen  by  McKendrick  ij\  pigeons  and  by 

Jerricrr  in  rabbits  and  monkeys.     It  has  been  urged  however  by  many 

"  ;hifr)  th  It  when  such  phenomena  do  o:cur  after  removal   of  the 

»rpomi  quadrigcmin.i,  they  are  the  result  of  cointdent  injury  to  the 

Inderlyitig  crur^  cerebri.     Adamuk  *  observed  in  rabbits  that  galvanic 

timulation   of  the    posterior   tubercles,  in    contract   to   the  .interior 

iberclcs,  pro-luccd  movements  of  the  animal,  though   Knoll  observed 

such  enecL     Ferricr  •  saw  various  movements  fevllow  upon  stimu- 

uion  of  the  surface  of  the  corpora  quadrigcmina  with  the  mterrupted 

current       Flourtns  found  that  while  mechanical  stimulation  of  the 

surface  of  these  btxltes    produced    no   etfe.t,  deep  pun:lurtr  cau!»ed 

various  movements,  which  he  attributed  to  stimulation  of  the  cnira 

cerebri  beneath.    This  suggests  that  the  movements  caused  by  gatv.uiic 

timulation  are  due  to  esj;»pc  of  current,  and  we  here  meet  with  the 

line  dutitiliy   that   was  experienced  in   dealing   with   the  cerebral 

>nvolutions.      Ferricr   states  that   with  even  a   mi>deralcly   strong 

irrent  the  movements  may  be  so  violent  as  to  merge  into  a  general 


^  Gttdden,  op.  at, 
•  a/,  ai. 


*  Arehioei  iU  Pkyswl^i:.  \\  1S78.  pi  65*. 
i  O^,/.  mui/.  Wiu,  (1878)  p.  soa* 
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cases  of  cerebellar  disease,  many  histories  have  been  recorded  In 
which  extensive  disease,  amounting  at  times  to  alnac>st  complete 
destruction,  of  the  cerebelhim  has  existed  without  any  obvious 
disturbance  of  the  coordination  of  movements  Still  the  experi- 
nicntal  evidence  is  so  strong,  that  we  must  consider  the  cercbeUum 
as  an  important  organ  of  coordination,  though  we  are  unable  at 
present  to  define  its  functions  more  exactly*  It  is  probable,  but 
not  proved,  that  its  functions  are  especially  connected  with  the 
afferent  impulses  proceeding  from  the  semicircular  canals. 

Observers  are  not  agreed  as  to  how  far  the  loss  of  coordination 
whitih  follows  upon  lesion  or  nmov;d  of  part  of  the  ccrebeUum  is  tem- 
porary or  permanent.  Flourcns  fouoi  thit,  when  the  portion  removed 
was  small,  the  disorderly  movements  which  at  tir:.t  appeared  cvcntu- 
atiy  vanished,  but  when  a  large  portion  was  removed  the  loss  o( 
cc»ordination  became  pemianent.  These  results  are  capable  of  inter- 
pretation on  the  view  that  the  coordinating  mechanisms  are  situated 
m  the  deeper  structures,  and  hence,  while  completely  removed  by  the 
deeper  incisions,  are  only  temporarily  paralysed  by  the  shock  of  the 
slighter  operations.  Hitzig  and  Ferrier  (ind  that  injury  to  or  removal 
of  the  lateral  lobe  produces  the  same  forced  movements  as  section  of 
the  middle  peduncle.  Flourcns  and  others  hfive  observed  that,  while 
lateral  injury  gave  rise  to  lateral  movements,  injury  to  the  anterior  or 
posterior  median  portions  caused  the  animal  to  fall  forwards  and  back- 
warls  respectively.  Nothnagel'  has  been  led  from  his  CKperiments  on 
rabbits  to  the  conclusion  that  the  lesion>  whtch  determine  a  loss  of  co- 
ordination are  those  which  result  in  a  solution  of  continuity  in  the 
structures  uniting  the  two  sides  of  the  organ,  the  mere  loss  of  lateral 
parts,  even  amounting  to  an  entire  half,  having,  according  to  him,  no 
such  effect.  Ferrier  finds  that  stimulation  of  the  cerebellar  surface  by 
the  interrupted  current  causes  in  monkeys,  dogs,  and  cats,  movements 
of  both  eyes  with  asso.:iated  movements  of  the  head  and  limbs,  and  to 
a  certain  extent  of  the  pupils.  The  eyes  moved  horizontally  or  verti- 
lly  or  obliquely,  aymmctrically  or  unsymmetrically,  with  or  without 
Cation,  according  as  the  electrodes   were  applied  to  one  or  other 

tion  of  the  surface.  In  fact  the  results  were  to  a  certain  extent 
similar  to  those  obtained  by  Adamuk  on  stimulating  the  corpora  quad- 
rigemina,  but  they  cannot  be  wholly  exphiined  as  simply  due  to  escape 
of  current,  if,  as  Hitzig"  asserts,  very  similar  phenomena  m^  be 
witnessed,  not  only  with  weaker  currents,  but  even  on  mechanical 
stimulation^. 

Nothnagel*  also  finds  that  mechanical  stimulation  of  even  the  surface 
of  the  cerebelluen  gives  rise,  without  signs  of  pain  being  felt,  to  move- 
ments chielly  of  the  trunk  and  extremities  and  of  those  muscles  which 
are  governed  by  the  facial,  hypoglossal,  and  tifth  nerves.  These  move- 
ments, which  are  developed  somewhat  slowly,  manifest  them>eNes  first 

Mw'»  .4rxAw,  Bd.  68  11876)  p.  33.  •  Op,  cii, 

M»^vcr  Schwabn,  Eckhard's  Bdtrage,  Vlil.  (1878)  p.  149. 
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of  giddiness  was  experienced  ;  ottemal  objects  ap| 
the  direction  of  the  current,  from  right  to  left  for^ 
anode  was  placed  at  the  right  ear,  while  at  the  sa 
himself  leant  towards  the  anode.  Hiuig*  has  mo: 
and  described  the  phenomena.  When  the  cumcat  is 
remarkable  movements  of  the  eyes  are  seen  to  ta^k^ 
rent  being  made  ;  these  are  varied,  and  partake  som 
of  nystagmus.  They  consist  of  a  rapid  snatching^ 
direction  of  the  current,  and  a  slower  return  in  the 
the  eyes  oscillating  between  the  two.  Sometimes 
together,  sometimes  they  arc  dissociated.  That 
vertigo  nor  the  movements  of  the  body  are  depcn 
viiiual  sensations  caused  by  the  ocular  moveniienls,  is 
that  they  occur  when  the  eyes  are  shut,  and  also  in 
indeed  the  feeling  of  vertigo  may  be  mduced  by  a 
cause  any  abnormal  movements  of  the  eyeballs.  ' 
the  current  when  the  eyes  are  shut  gives  rise  to  a  si 
that  of  sitting  or  standing  in  a  carriage  which  is  bet 
the  direction  of  the  current,  from  right  to  left  when  il 
at  the  right  ear.  When  the  current  is  broken,  there 
phenomena  in  an  opposite  direction.  The  person  i 
the  kathode,  and  external  objects  seem  to  revolve  fix 
the  anode.  All  these  phenomena  are  best  explained 
the  current  interferes  with  the  CL-rebral  coordinating 
which  result,  as  efferent  effects,  the  compensating  r 
body  and  of  the  eyes,  the  change  m  the  mechanism 
so  affecting  consciousness  as  to  produce  a  feeling  of  v 
they  are  due  to  an  anelectrotonic  and  katelcctrotonic 
ampullar  fibres  of  the  respective  auditory  nerves*  or 
action  of  the  current  on  cerebellar  or  other  ilructu 
the  present  undecided. 


Attempts  have  been  made  to  connect  the 
sexual  functions ;  but  there  is  no  satisfactory  evid 
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IS,  and  when  erection  of  the  penis  is  caused  by  emottons, 
Ibc  tract  connecting  the  cerebral  convolutions  with  the  erection- 
snire  in  the  spin.il  cord  passes  straight  along  the  crura  cerebri 
meiJulla,  for  Eckhani  •  has  observed  that  stimulation  of  these 
in  the  dog  will  produce  erection. 

:khard  has  brought  forward  facts  to  shew  that  lesions  of  certain 
of  the  cerebellum,  li  le  those  of  ccrt.iin  parts  of  the  medulla 
mgat.i,  C.TUSC  eiiber  diibetcs  or  simple  hydruria, 
Accordinjf  10  IJudgc,  stimuUuJon  of  the  cerebellum  produces  peri- 
"  ic  movements  in  the  oesophajg^us  and  stomach  ;  and  Sch iff  observed 
immaiion  of  the  intestine  with  hamiorrhage  after  lesions  of  the 
lun  les  oi  ihc  cerebellum. 


Crura  Cerebri  and  Pons   Varolii, 

Though  from  the  grey  matter  abundant  in  both  these  organs  we 

|y  infer  that  they  possess  important  functions,  wc  hardly  know 

concerning  them  than  that  the  former  serve  as  the  great 

IS  of  communication  between  the  spinal  cord  and  the  higher 

:s  of  the  brain,  and  that  both  are  intimately  connected  with 

coordination  of  movements,  since  either  forced  or  disorderly 

rcments  are  the  frequent  reswlts  of  section  of  cit-her  of  ihem ; 

as  we  have  scen»  the  possession  of  these  parts,  in  the  absence 

the  cerebral  hemispheres,  and  even  of  the  corpora  striata  and 

ic  thalami,  is  sufficient  to  carry  out  the  most  complex  bodily 

cements. 

Since  the  paralysis  of  the  face  seen  in  cases  of  hemiplegia  from 
ie  of  the  corpus  striatum  is  on  the  same  side  as  that  of  the 
ly,  it  follows  that  the  impulses  proceeding  along  the  cranial 
'es  cross  over  like  those  of  the  spinal  nerves.  Hence  when 
lysis  of  the  face  occurs  on  the  opposite  side  to  that  of  the 
ly,  it  may  be  inferred  that  the  injury  or  disease  has  affected  the 
tnial  nerve  (or  nerves)  in  a  part  of  its  course  before  decussation 
has  taken  place ;  and  [>atho1ogtcal  observations  support  this  view, 
unilateral  disease  or  injury  of  the  pons  Varolii  not  unfrequently 
involving  the  facial  nerve  of  the  same  side  in  its  comparatively 
superficial  course,  and  so  causing  paralysis  of  the  muscles  of  the 
s;imc  side  of  the  face  as  the  disease,  and  the  opposite  side  to  the 
paralysis  of  the  limbs.  It  is  probai>le  that  the  decussation  which 
we  have  seen  to  begin  in  the  spinal  cord,  is  gratlually  completed 
JLS  the  impulses  pass  through  the  medulla  and  pons  Varolii*. 
Against  the  view  of  those  who  maintain  that  volitional  impulses 

•  BfitrA^e,  V||.  (1873)  p.  67, 

■  L  (,  natit;lpaiv      tckhard's  Btitragf,  VIU.  (iSyS)  p.  igS- 
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cross  suddenly  and  completely  at  the  decussation 
may  be  urged  the  fact  that  a  longitudinal  scciu 
decussation  does  not  entail  loss  of  voluntary  rnovi 
sides  of  the  body,  as  it  ought  to  do  if  the  \'oli| 
crossed  completely  at  this  spot.  Moreover,  accord! 
the  loss  of  voluntary  movement  which  follows  u| 
section  of  the  medulla  is  not  confined  entirely  to 
body* 

McdtUla  Obhftgata^ 

We  have  so  often  spoken  of  this  link  between 
the  spinal  cord,  that  it  is  hardly  necessary  here  to 
recall  the  fact,  thai  tlie  majority  of  the  *  centre 
organic  functions  are  situated  in  it. 

These  we  may  briefly  recapitulate  as  folio vrs 
tory  centre   (p.  369),  with  its  neighbouring  convul 
388).     2.  The  vaso-motor  centre  (p.  219).     3.   Th 
tory  centre  (p.  193).     4.  The  diabetic  centre,  or 
production  of  artificial  diabetes  (p.  433).      5,  The  c 
tition  (p.  294).     6.  The  centre  for  tlie  movements  < 
gus  and  stomach  (p.  299)  with  its  allied  vomiting  c 
7.  The  centre  for  reflex  excitation  of  the  secredo 
(p.  266),  with  which  may  be  associated  the  centre 
the  vagus  inliuences  the  secretion  of  pancreatic  juta 
possibly  of  the  other  digestive  juices. 

In  the  frog,  as  we  have  urged,  p.  624,  the  medu 
edly  largely  concerned  in  the  coordination  of  mov 
is  exceedingly  probable  that  in  the  mammal  also 
portion  of  work  of  this  kind  falls  to  its  lot. 

In  conclusion,  we  may  call  attention  to  the  fa* 
whole  brain  certain  parts  respond  easily,  by  various 
different  parts  of  the  body,  to  mechanical  or  other  ! 
directly  to  them,  while  others  will  not.  The  forna 
quently  spoken  of  as  sensitive,  and  together  form  i 
called  an  excito-molor  centre ;  they  are  the  (deep 
corpora  quadrigemina,  the  crura  cerebri,  the  pons  Vai 
parts  of)  the  cerebellum,  and  the  medulla.  The  lai 
of  as  insensitive  ;  they  are  the  cerebral  hemispheres 
the  corpora  striata  an<l  optic  thalami  (and  the  supei 
of  the  cerebellum  and  corpora  quadrigemina).  I 
results  obtained  by  electrical  stimulation  of  tlie  cer« 
tions  and  other  parts,  this  distmction  cannot  howev 
as  important 
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Sic  5.    On  the  Rapidity  of  Cerebral  Operations. 

We  have  already  seen  (p,  60S)  that  a  considerable  lime  is  tiken  up 
a  purely  retlcx  act,  such  as  that  of  winking,  though  this  is  perhaps 

most  rapid  form  of  reflex  movement.     When  the  movement  which  is 

scuted  in  response  to  a  stimulus  involves  menul  operations  a  still 

time  is  needed  ;  and  the  interval  between  the  application  of  the 

mlus  and  the  commencement  of  the  rauscuLvr  contraction  varies 
:cording  to  the  nature  of  the  mental  labour  involved. 

The  simplest  ca^c  is  that  in  which  a  person  makes  a  sij^al  imme- 

liatety  that  he  perceives  a  stimulus,  ex^  gr,  closes  or  opens  a  galvanic 

lit  the  moment  that  he  feels  an  induction  shock  applied  to  the 

rin,  or  sees  a  flash  of  light,  or  hears  a  sound.     By  arrangements 

lilar  to  those  employed  in  measuring  the  velocity  of  nervous  im- 

:sy  the  moment  of  the  application  of  the  stimulus  and  the  moment 

the  making  of  the  signal  are  both  recorded  on  the  same  travelling 

Face,  and  the  interval  between  them  is  carefully  measured.  This 
interval,  which  has  been  called  by  Exner  *  the  reaction  period/  con- 
sists of  three  portions  ;  (i)  the  passage  of  aiTLTent  impulses  from 
the  peripheral  sensory  organ  to  the  central  nervous  system,  includ- 
ing the  possible  latent  period  of  the  generation  of  the  impulses  in  the 
sensory  organ,  (2}  the  transformation,  by  the  operations  of  the  centra! 
nervous  system,  of  the  afferent  into  efferent  impulses,  and  (3)  the 
passage  of  the  efferent  impulses  to  the  muscles,  including  the  latent 
period  of  the  muscular  contractions.  If  the  time  required  for  the  first 
and  third  of  these  events  be  deducted  from  the  whole,  the  'reduced 
reaction  period,*  as  it  may  be  culled,  gives  the  time  taken  up  exclusively 
by  the  operations  going  on  in  the  central  nervous  system. 

The  reaction  period,  both  reduced  and  unreduced,  varies  according 
to  the  nature  and  disposition  of  the  peripheral  organs  stimulated.  The 
reaction  period  of  vision  has  long  been  known  to  astronomers.  It  was 
early  found  that  when  two  observers  were  watching  the  appearance  of 
the  same  star,  a  considerable  discrepancy  existed  betw^ecn  their  respec- 
tive reaction  periods  ;  and  that  the  diflference,  fonning  the  b:isis  of  the 
so-called  *  personal  equation/  varied  from  lime  to  time  according  to  the 
personal  conditions  or  the  observers.  Thus  the  difference  between  the 
celebrated  astronomers  Siruvc  and  Besscl  varied  between  the  years 
1814  ani  1834  from  '0410  ro2  sec,  the  reaction  period  of  Struve  being 
so  much  longer  than  that  of  Bcssel.  These  figures^  however,  are  not 
to  be  compared  with  those  which  will  be  given  immediately,  inas- 
much as  several  complications  were  introduced  by  the  method  of 
observation. 

E)Lner*  has  carefully  determined  the  reaction  period  of  himself  and 
others  with  different  stimuli,  and  under  various  circumstances.  When 
the  stimulus  was  an  induction  shock  thrown  into  the  sktn  of  the  left 
hand,  the  signal  being  made  with  the  right  h.\nd,  the  reaction  period 
varied  from  1337  sec.  m  Exner  himself  to  '3576,  or  even  to  9952,  m  an 
obtuse  individual     When  the  stimulus  was  applied  in  difFcicnt  ways, 

'  PflOgpi'*  Arcfm^t  vii.  (1873)  p.  601. 
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the  signal  always  being  made  with  the  right  hand,  the  results 
owa  case  were  as  follows  : 

Direct  electrical  stimulation  of  the  retina *ii 

Electric  shock  on  the  ieft  hand 

Sudden  noise  — 

Electric  shock  on  tlie  forehead...., 

„  „      on  the  right  hand..., 

Visual  impression  from  an  electric  spark., 

Electric  shock  on  the  toe  of  the  left  foot* '17 

Hence  tactile  sensations,  produced  by  the  stimulus  of 
shock  applied  to  the  skin,  are  followed  by  a  shorter  re, 
than  arc  auditory  sensations  ;  but  the  period  of  these  is  m 
than  that  of  visual  sensations  produced  by  luminous  obj 
the  shortest  period  is  that  of  visual  sensations  produced  by 
trical  stimulation  of  the  retina,  Hirsch  had  previously 
similar  results,  and  Donders*  had  simiLirly  determined  t 
period  or  physiological  time,  as  he  termed  it,  to  be,  roughl 
for  feeling  ^ih,  for  hearing  jjth,  and  for  sight  { th  of  a  sco 
Dictl  and  Vintschgau'  the  reaction  period  for  tactile 
the  middle  tingerof  the  right  hand  was  respectively  *i37i 
sec.  Von  Wittich'  found  the  reaction  period  to  be  ^167 
application  of  a  constant  current  to  the  tongue  produced 
sensation.  Vintschgau  and  Honigschmied  *  determined  th< 
period  of  taste  to  be  for  salines  '159S  sec,  for  sugar  '16^^ 
and  qumine  2351.  Even  with  the  same  stimulus,  the  reacd 
will  vary  according  to  circumstances,  such  as  the  time  of  year 
&c.,  and  according  to  the  condition  of  the  individuaL  E 
thai  while  strong  tea  had  no  obvious  effect,  two  bottles  of  R 
lengthened  the  period  from  J 904  to  "2969.  Dietl  and  Vints< 
the  result  of  an  cbborate  inquiry,  came  to  the  conclusion 
opium  had  a  temporary  Icnjjthening  effect,  cotTee  producer 
more  striking  and  lasting  shortening  of  the  period,  while  tb 
wine  (champagne)  varied  according  to  the  quantity  drunk 
rapidity  with  which  it  was  taken  \  a  small  quantity  sh 
large  quantity  (a  bottle  drunk  rapidly)  lengthened  the  pe 
The  calculations  involved  in  'reducing*  the  reacti 
obviously  open  to  much  error  ;  Exner's  own  reduced  period 
that  of  the  obtuse  individual  quoted  above  '3050  and  '9426  ; 
say,  an  intelligent  person  takes  less  than  ^\j  of  a  second  to 
and  to  will-  Jf  the  whole  reaction  period  of  the  case  when 
was  directly  stimuUted  be  deducted  from  the  period  of  the 
a  luminous  object  was  used  to  create  visual  impressions  the 
(■0367  sec)  would  indicate  the  latent  period  or  the  luminous 
tion  of  the  retina  ;  but  it  is  doubtful  whether  any  great  depenci 
be  placed  on  such  a  calculation. 

*  Rcichert  and  du  BoLi-Rerniond's  ArcAivt  1868,,  p,  <5s3»5 

*  Pfluger'sv^rMit^  XVI.  (iSyS)  p.  316. 
»  Zf.  ral,  Med,  (3)  XXXr.  p.  1 1 3. 

*  Pftiigcr's  Archiv,  X.  (1875)  p.  I. 
«  Op.  cif. 
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In  all  the  above  instances  a  single  stimulus  was  used,  and  all  that 

person  experimented  on  had  to  do  was  to  perceive  the  stimulus, 

kd  to  make  an  effort  in  accordance.     If,  however,  the  stiniulu5»  instead 

being  applied  to  a  part  of  the  body  dctcnnincd  by  previous  arrangc- 

!ntf  as  for  instance  to  the  left  foot,  were  applied  either  to  the  left  or 

ic  right  foot,  without  the  person  being  told  which  it  was  to  be,  and  it 

IS  arranged  that  he  should  make  a  signal  when  the  left  foot,  but  not 

len  the  right  foot  was  stimulated,  additional  mental  exertions  would 

necessary ;  and  Donders'  found  that  in  such  a  case  the  reaction 

lod  was  considerably  prolonged.      The  following  table  gi%'es  the 

Terence  between  a  simple  reaction  p<?riod,  and  one  in  which  a  mental 

jision  has  to  be  carried  out  before  the  voluntary  effort  to  make  Uie 

lal  is  initiated,  Lf,  gives  the  time  required  for  the  person  to  '  make 

his  mind  '  in  accordance  with  the  nature  of  the  sensation  which  he 

:eives ;  this  it  will  be  seen  is,  roughly  speaking  from  \  to  g^lh  of  a 

:ond, 

dilemma  between  two  spots  of  the  skin,  right  and  left  foot 

stimulated  by  an  induction  shock ♦....»......»  "066 

lUemma  of  visual  sensations  between  two  colours,  suddenly 

presented  to  the  view  :  signal  to  be  tnade  on  seemg  one  but 

not  on  seeing  the  other '184 

dilemma  between  two  letters  :  signal  to  be  made  on  seeing  one 

only ,...., .„, *l66 

►iUrmma  between  five  letters  :  signal  to  be  made  on  seeing  one 

only '170 

Dilemma  of  auditory  sensations :    two  voweU  suddenly  sung : 

signal  to  be  made  on  hearing  one  only .....♦.,, ^f6 

Dilemma  between  five  vowels :  signal  to  be  made  on  hearing  one 

only , "088 


Sec  6.     The  Cranial  Nerves. 


F  Though  we   have  incidentally  dwelt  on   the  functions  of  all 

I      these  nerves,  it  may  be  as  well  to  recapitulate  them  in  a  tabular 
I      funn. 


1.  Olfactory.     Nerve  of  smetL 

2.  Optic.     Nerve  of  sight. 

3.  Oculo-mator,     Motor  nerve  to  the  levator  palpebne  supcri- 


oris  and  all  the  muscles  of  the  eye,  except  the  obliquus  superior 
and  the  rectus  extcmus.  Efferent  nerve  for  the  contraction  of  the 
pupil  and  for  the  musdes  of  accommodation.  Hence  when  the 
nerve  is  divided  or  otherwise  paralysed  the  upper  eyelid  falls 
(ptosis) ;  the  eye,  which  is  turned  outwards,  is  capable  of  partial 
movements  only,  vix.  such  as  can  be  produced  by  the  rectus 
cxtemus  and  obliquus  superior  ;  when  the  head  is  moved,  the  eye 

'  O^tit, 
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moves  with  it,  the  inferior  oblique  not  being  able  to  v 
usual  compensating  moveraentsof  iJ>e  eyeball ;  the  ^lopitil 
and  the  eye  cannot  accommodate  for  near  distacoes. 

The  root  of  the  nerve  shews  recurrent  seGsibihty,  doe  to  i 
from  the  fifth,  bui  is  otherwise  a  purely  motor  nerve*. 

4.  Trockhar   or  Paifutu,      Motor    ner%*e  to  the. 
superior^     When  the  nerve  is  paralysed,  no  marked 
observed  in  the  position  of  the  eye,  but  the  patient 
when  he  attempts  to  look  straight  forward  or  towards 
side;  the  images  however  coalesce  when  he  turns  his 
sound  side.     When  the  head  is  moved  from  side  to  side 
moves  with  it,  the  usual  compensating  movement  of  the  c]rej 
accompanies  the  movements  of  the  head  failing  in  c< 
of  the  superior  oblique  not  acting. 

It  is  a  purely  motor  nerve,  but  receives  recurrent  h\ 

fifth. 

5.  Trigeminus.     A  mixed  eflerent    and   alTerent 
distinct  motor  and  sensory  roots^  the  latter  bearing  the  gau 
Gasser. 

Efferent  Fibres.  Motor  fibres  to  the  muscles  of  massi 
temporal,  masseter,  two  pterygoids  (mylo-hyoid,  anterior 
digastric),  to  the  tensor  palati,  and  tensor  tympani  ;  vasa 
fibres  to  various  parts  of  the  head  and  face  ;  secretory  fil 
the  lachrymal  gland,  and  according  to  some  authors  to  the 
and  submaxillary  glands  by  fibres  joining  the  fadaJ.  Troj 
fibres  to  eye,  nosc^  and  other  parts  of  face,  see  p.  ^Sg,  1 
fibres  for  the  dilation  of  the  pupil,  see  p.  524. 

Afferent  Fibres.  General  nerve  of  sensation  of  the  ! 
head  and  face,  and  of  the  mucous  membrane  of  the  mouth, 
the  back  part  of  the  tongue,  the  posterior  pillars  of  the 
and  a  large  part  of  the  pharynx,  these  parts  being  supplied 
glossopharyngeal  and  vagus  ;  the  back  of  the  head  is 
suppUed  by  branches  from  the  cranial  nerves,  and  the  e 
meatus  and  concha  are  supplied  chiefly  by  the  auricular  br^ 
the  vagus.  Nerve  of  special  sense  of  taste  for  the  front 
the  tongue,  see  p.  587. 

6.  Abducms,  Motor  nerve  to  the  rectus  extemus* 
the  nerve  is  divided  or  otherwise  paralysed,  the  eye  is 
inwards. 

•  Schiff,  Ukrb^  p,  376* 
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The  abducens  is  joined  by  fibres  coming  from  the  cervical  sym- 
pathetic ;  when  this  nerve  its  divided  In  the  neck,  the  action  of  the 
muscle  is  weakened. 

It  probably  also  receives  recurrent  sensory  fibres  from  the  fifth, 

7.  Facial.  Motor  nerve  to  the  muscles  of  the  face  ;  hence 
nerve  of  expression.  Supplies  also  stylohyoid,  posterior  belly  of 
the  digastric,  buccinator,  stapedius,  muscles  of  the  external  car, 
platysma,  some  muscles  of  the  palate,  viz.  the  levator  palati  and 
probably  others.  Secretory  nerve  of  submaxillary  and  parotid 
gland  Receives  afferent  possibly  efferent  fibres  from  trigeminus 
and  also  from  vagus.  According  to  Vulpian  contains  vaso-motor 
fibres  for  the  tongue  and  side  of  the  face.  1  he  effects  of  paraly- 
sis of  the  facial,  from  the  inability  of  the  orbicularis  to  close  the 
eye,  the  drawing  of  the  face  to  the  sound  side,  and  the  smooth- 
ness of  the  paralysed  side,  are  very  striking. 

8.  Auditory  Nen'€.  Special  nerve  of  hearing ;  afferent  nerve 
for  impulses  other  than  auditory  proceeding  from  the  semicircular 
canals. 

9.  Glosso  pharyngeal.  Motor  xi&v^  for  levator  palati,  azygos 
uvulae,  stylo-pharyngeus,  constrictor  faucium  niedius ;  the  motor 
functions  of  this  nerxe  have  been  disputed.  Special  nerve  of 
lasie  for  the  back  of  the  tongue.  General  nerve  of  sensation  for 
the  root  of  the  tongue,  the  soft  palate,  the  pharjTix  (being  here 
associated  with  the  vagus),  the  Eustachian  tube  and  the 
tympanum. 

10.  Pneumogasiric.      Vagtts. 

Efferent  Fibres,  Motor  nerve  for  the  muscles  of  the  pharynx, 
for  the  movements  of  the  oesophagus  (see  p.  299),  of  the  stomach 
(see  p.  301 )»  of  the  intestines  (see  p.  297),  for  the  muscles  of  the 
lar>'nx,  possibly  for  the  plain  muscular  fibres  of  the  trachea  and 
bronchial  divisions.  Vaso-motor  fibres  for  lungs*.  Inhibitory 
nerve  of  the  heart.  Trophic  fibres  for  lungs  and  heart  (see 
p.  490). 

AfTerent  Fibres.  Sensory  nerve  of  ihe  respiratory  passages,  and 
of  the  pharynx,  oesophagus  and  stomach.  Afferent  nerve,  aug- 
menting and  inhibiting,  of  the  respiratory  centre  (see  p.  372X 
afferent  inhibitory  nerve  (depressor  branch)  of  the  medullary 
vaso  motor  centre  (see  p.  209),  afferent  nerve  producing  salivary 
•ecretion  (see  p.  270),  inhibiting  pancreatic  secretion  (see  p.  279). 

*  Michnelson,  Mitih.  a,  d.  Konigtbtrger physiol.  Lab.  (187S)  p.  85. 
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According  to   Steiner',  the  vagus   in   the  rabbit  inay  be  casil 
dissected  into  two  strands,  an  outer  one  contaimng  the  a^etent, 
an  inner  one  containing  the  efferent  fibres. 

1 1.  Spinal  accessory.  Motor  nerve  to  the  st^Jroo-mastoid  ai 
trapezius  muscles.  It  receives  recurrent  sensory  fibres  frotn 
cervical  nerves.  Part  of  the  spinal  accessory  blends  with 
pneumogastric,  and  the  efferent  effects  (such  as  the  movements  0^' 
the  larynx,  pharynx,  &c.,  and  cardiac  inhibition)  of  the  united 
trunk  seem  to  be  largely  due  to  the  spinal  accessory  fibres  con- 
tained in  them.  It  is  stated  however  that  division  of  the  sptnil^ 
accessory  before  it  joins  the  pneumogastric,  does  not  enurely  do] 
away  with  either  swallowing  or  the  movements  of  the  larynx.  In^ 
the  movements  of  the  oesophagus  and  stomach,  brought  about  by 
the  vagus  acting  as  an  efferent  nerve,  the  accessory  fibres  seem  to 
have  DO  share.  The  cardiac  inhibitory  fibres  seem  to  be  distinctly  | 
of  accessory  origin, 

12.  Hyp^ghssai,  Motor  nerve  for  the  muscles  of  the  tongue, 
and  for  all  the  muscles  connected  with  the  hyoid  bone  except  the 
digastric,  stylo-hyoid,  mylo- hyoid,  and  middle  constrictor  of  tJ 
pharynx  ;  it  also  supplies  the  sterno-thyroid.  It  receives  sensoryj 
fibres  from  the  fifth  and  vagus,  and  is  also  connected  with 
tliree  up|>er  cervical  nerves  as  well  as  with  the  sympathetic 

To  Charles  Bell  is  due  the  merit  of  having  made  the  fundamentil 
discovery  of  the  distinction  between  motor  and  sensory  fibres.     Led 
to  this  view  by  rejecting  on  the  distribution  of  the  nerves,  he  expet>> 
mentally  verified  hi5  conclusions  by  observing  that  while  mechaiucal 
irritation  of  a  posterior  root  gave  rise  to  no  movements  in  the  muscles 
to  which  the  nerve  was  distributed,  these  were  very  evident  when  the 
anterior  root   was   pricked   or   pinched.     He   printed    his    vit-ws   for 
private  circulation  in  i8n,  under  the  title  ot  •  Idea  of  a  New  .An.itomy 
of  the  Brain/  and  coimnunicatcd  them  to  the  Royal  Society  in  July,! 
1821,  in   a   paper   *  On    the   Arrangement  of    the   Nerves.'     In  1822 
Majendic'  shewed  tliat  section  of  the  posterior  root  caused  loss  of 
sensation  and  section  of  the  anterior  root  loss  of  motion  :  an  obscrvji-J 
tion  no  less  epoch-making  than  that  of  Bell.     Majendie  was  howcvc 
led  by  the  phenomena,  which  we  can  now  explain  as  due  to  recurrent] 
sensibility  or  reflex  action,  to  believe  that  the  distinction  between  tbi 
two  roots  was  partial  only  ;  and  it  was  not  till  Johaimes  MuUer^  soi 
years  afterwards  conducted  experiments  on  frogs  and  made  use 
galvanic  stifwulation,  that  the  doctrine  of  motor  and  sensory  nerves' 
became  thoroughly  established.     The  next  great  step  was  the  esta- 
blishment of  the  theory  of  Reflex  Action.     Although  this  importanr 

•  Arck.f.  Ana/,  w.  PAys,  (Phys.  Abth.)  1S7S,  p.  aid 

•  Journal  dt  PAysivL  II.  p.  276, 
>  Phystalc^,  Kn^l,  cd.  I.  69 1, 
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ftinction  of  nervous  centres  was  recognized  dimly  by  older  observers 
such  as  Whytt',  more  closely  defined  by  Prochask:i\  and  clearly 
jBfraspcd  by  Johannes  MuUer  in  1833*,  it  was  independently  discovered 
in  1832  by  Marshall  Hall*;  and  it  was  owing  to  the  enthusbsti- 
labours  of  the  latter  observer  that  the  new  doctrine  was  rapidly 
accepted  and  developed.  Among  tne  more  imponant  l.ibours  since 
that  time  may  be  menii'jncd  the  remarkable  book  of  Floiircns^,  the 
work  of  Longet*,  and  the  rcsear:hes  of  Schiflf^  Brown-S^qutird\  and 
fHhera.  The  work  of  Golti*  on  the  frog,  though  small,  contains  many 
valuable  facts  and  suggestions  ;  and  an  admirable  summary  of  the 
whole  physiology  of  the  nervous  system  is  given  by  Vulpian",  to 
whom  also  we  are  indebted  for  many  valuable  observations.  The 
chief  of  the  more  recent  inquiries  have  been  mentioned  in  the 
text. 


•  Oh  Mr  Pl/n/  and  otfur  Inwimntary  Min>tmenis  0/  Amma/j,  i;;^i. 

•  Lihndtt-  aus  U,r  Phyiiai,  1797. 

4  la  the  first  edition  of  his  Pkyiioldgy, 

•  More  fully  in  Phil.  Tram,  1833. 

»  Rtch.  £xfi,  mr  la  Proprikh  et  Us  Fontiiom  du  Syttinu  ^ervfux,  1st  eJ 
in  1824,  2nd  much  enlar{jed  iind  containing  many  new  facts,  in  1842. 

•  Anai.  tt  Pkys.  du  Svst^mu  Nfrvettx,  184 1. 
'  Lfhrb,  d,  Pkynpl   iSsJi 

•  Keck,  et  Exf,  surla  Phyt.  detu  moelU  ipin,  1846*  and  numerous  subscqueni 
papers. 

^  Biifrd^  s.  Likrf  v,  d»  Fntuthntn  dt^  Ngrvencentren  dis  Fr^sckts^  t869b 
**  Z^pm  tMor  la  Phys„  gMruU  H  tompawk  du  Sytihru  Niruems,  iS^ 


CHAPTER  VIL 


SPECIAL   MUSCULAR   MECHANISMS. 

Sec  I,    The  Voici. 

A  BLAST  of  air,  driven  by  a  more  or  leaS  prolonged 
movement,    tlirows  into   vibrations  two  elastic   membra] 
cfwtdcE  iktcaks.     These  impart  their  vibrations  to  the  calu 
above  them,  and  so  give  rise  to  the  sound  which  we  call  tl 
Since  the  sound  is  generated  in  the  vocal  cords,  we  may 
them  and  of  those  parts  of  the  larynx  which  decidedly  afft 
condition  as   constituting    the  esseniial    vocal    apparatu 
the  chamber  above  the  vocai  cords,  comprising  the   ven( 
the  larynx  with  the  false  vocal  cords,  the  pharynx  and  th 
of  the  mouth,  the  latter  varying  much  in  form,  constitute 
eidiary  apparatus  of  the  nature  of  a  resonance  tube,  modiK 
sound  originating  in  the  vocal  cords.     In  the  voice,  as   i 
sounds,    we   distinguish  :  (i)  Loudness.     This    depends 
strength  of  the  exj>iratory  blast.     (2)  Pitch.     This  depend 
length  and  tension  of  the  vocal  cords.     Their  Ungi/t  may 
garded  as  constant,  or   varjing  only  with  age.     It  cons^ 
determines  the  range  only  of  the  voice,  and  not  the  particu 
given  out  at  any  one  lime.     The  shrill  voice  of  the  chilil 
mined  by  the  shortness  of  the  cords  in  infancy,  and  the 
a  soprano,  tenor  and  baritone  are  all  dependent  on  the 
lengths  of  their  vocal  cords.     Their  tension  is  on  the  contra 
able ;  and  the  chief  problems  connected  with  the  voice 
variations  in  the  tension  of  the  vocal  cords,     (5)  Quality 
depends  on  the  number  and  character  of  the  overtones 
panying  any  fundamental  note  sounded,  and  is  detcrmin 
variety  of  circumstances,  chief  among  which  is  the  physical 
of  the  cords. 

The  vocal  cords,  attached  m  front  to  the  thyroid  cartiU 
ihind   in    the   processus   vocales    of  the   arytenoid 
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Hence  a  distinction  has  been  drawn  between  the  rima  vocalis,  t\t, 
the  opening  bounded  laterally  by  the  vocal  con  Is,  and  the  rima 
respiratoria,  or  space  between  the  arytenoid  cariilages  bcltind  the 
processus  vocales ;  these  names  however  are  not  Irce  from  objeo- 


rio.  f>.    Th«  Lakvux  as  tmmt  wv  hmah*  of  ruw  L*RrMr.<Ka>rB  in  DirrKnmicr  oo»> 
r>TTioi*»  or  TMK  GiJTjTrtit.    (F^3m  Quaio'k  Aniiomv  aftrt  Ct^^Tnak) 
,4  n;  a  high  note :  S  m  (juiet  brcAtUn^  Hie 

•  .inibKcs  Bsd  the  lorm  of  the  timM  '»"  ■•.  the 
Abuvt:  dirfc  (OfulaiotML. 
I  the   hAMt  of  tlie  tooene  ;  #  the  upper  fr«e  part  of  the  rpif^lotf b ;  4'  ihe  tubcsrrle  (>r 

cuihioo  of  the  rf^ifloitU ;   /4.  f4ut  of  the  anferi  t  *  .1   ni    iii*   nli.rv.i.  h.^r.m,l  ih^ 

jMrytti.;  w  rwrlUn^  in  the  arvtroo-cpiytettideaii  (■■  ^  riti. 

beq[:  4  swelling  ouied  bjr  the  cartUkKC  of  Sm>I'  i.ijkl 

«uilNge  ;  cv  the  mtt  v<^c3il   cords  ;  rfjr  the  iaimt  %■  i .iu  it* 

ritiK* :  ^  the  cwa  bcopchi  «i  ih«ir  cmn  manrie— Hi. 

tions.  In  quiet  breathing  (Fig.  ^2  B)  the  two  torm  together  a  V- 
shapcfi  space,  which,  as  we  have  seen  (p.  340)*  m  deep  inspiration 
is  widened  into  a  rhoraltoidal  opening  by  tlic  divergence  of  the 
processus  vocales  (Fip,  72  Cj.  When  a  note  is  about  to  be  uttered, 
the  vocal  cords  are  by  the  approximation  of  t\vt  ^tcjc^skol^  N<a«:3!we?& 
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brought  into  a  position  parallel  to  each  other»  and  the  w1 

is  narrowed  (Fig,  72  A).     By  their  parallelism  and  by  the 
ness  of  the  interval  between  liicm  the  cords  arc  render* 
susceptible  of  being  thrown  into  vibration  by  a  moderate 
air.     The  problems  we  have  to  consider  arc,  first,  by 
are   the   cords  brought    near  to  each  other  or  drawn 
occasion  demands ;  and  secondly,  by  what  means  is  thi 
the  cords  made  to  vary.     We  may  speak  of  these 
narrowing  or  widening  of  the  glottis,  and  tightening  orl 
of  the  vocal  cords. 

Narrowing  of  the  Glottis.     The  change   of  form 

glottis  is  best  understood  when  it  is  borne  in  mind  tha 
arytenoid  cartilage  is,  when  seen  in  horizontal  section  (Fi 
somewhat  of  the  form  of  a  triangle,  with  an  internal  or  n 
an  external,  and  a  posterior  side,  the  processus  vocalis  being 
in  the  anterior  angle  at  the  junction  of  the  median  and  e 
sides.  Wlien  the  cartilages  are  so  placed  that  the  processus  1 
are  approximated  to  each  other,  and  the  internal  surfaces 
cartilages  nearly  parallel,  the  glottis  is  narrowed*  When  ( 
contrary  the  cartilages  are  wheJed  round  on  the  pivots  o 
articulations,  so  that  the  (processus  vocales  diverge,  am 
internal  surfaces  of  the  cartilages  form  an  angle  with  each 
the  glottis  is  widened. 

There  are  several  muscles  forming  together  a  group,  whl 
been  called  by  Henle  the  sphincter  of  the  lar>'nx.  Ilicsc  1 
the  thyro-ary-€piglottkus,  proceedmg  from  the  inner  surface 
thyroid  cartilage  and  from  the  arytenoid  epiglottidean  ligaj 
and  sweeping  round  the  outer  ndge  of  the  arytenoid  cartilage 
own  side  to  be  inserted  into  the  processus  muscularis  of  th 
tenoid  cartilage  of  the  other  side :  (2)  the  thyro-aryten^ 
exUmus,  passing  from  the  reentrant  angle  of  the  thyroid  cartili 
be  inserted  into  the  outer  edge  of  the  arytenoid  cartilage  c 
same  side:  (3)  the  thyro-ary  tenoukus  ififtmuSj  psLSsir.g  froi 
angle  of  the  thyroid  cartilage  to  the  processus  vocalis  and 
side  of  the  arytenoid  cartilage  :  (4)  Xhe  aryUnoideus  ( posticus )^ 
ing  transversely  from  one  arytenoid  cartilage  to  another.  Ail 
muscles,  when  they  act  together,  grasp  round  the  glottis  and 
to  close  it  up :  and  each  of  them,  acting  alone,  has,  witl 
exception  of  the  last-named  (arytenoidcus),  the  same  effect, 
addition  to  these,  the  cruo-ary/enouieus  iaUralis,  which  passes 
the  lateral  border  of  the  cricoid  cartilage  upwards  and  back 
to  the  outer  angle  of  the  arytenoid,  by  pullmg  thb  outer 
■  r  wards  throws  the  processus  vocalis  inwards,  and  so  also  nal 
'-  glottis. 
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Widening  of  the  Glottis,  The  crkthary-Unaitleus posticus 
passing  from  the  posterior  surface  of  the  cricoid  cartilage  to  the 
outer  angle  of  the  arytenoid  cartilage  behind  the  attachment  of  the 
lateral  criGo-ar>'tenoideus,  pulls  back  this  outer  angle,  and  so 
causing  the  processus  vocalis  to  move  outwards,  widens  the  glottis. 
The  arytenotdeus  posticus,  acting  alone,  has  a  similar  eflfecL 

^^  Tightening  of  the  Vocal  Cords,  The  crm-thyraideus  pulls 
^^uc  thyroid  downwards  and  forwards,  ami  so  increases  the  distance 
^Ketween  that  cartilage  and  the  arytenoids  when  the  latter  are  fixed. 
^^Bupposing  then  l\\c  arytenoideus  and  crico  arytenoideus  posticus 
"to  fix  the  arytenoids,  the  effect  of  the  contraction  of  the  crico- 
thyroiceus  would  be  to  tighten  the  vocal  cords. 

Slackening  of  the  Vocal  Cords.  This  is  effected  by  the 
whole  sphincter  group  just  mentioned,  but  more  especially  by 
the  thyrcarytenoidH  extemus  and  inUmus ;  these  acting  alone, 
supposing  the  artcnoid  cartilages  to  be  fixed,  would  pull  tlie 
thyroid  cartilage  upwards  and  backwards,  and  so  shorten  the 
distance  between  the  processus  vocales  and  that  body. 

Thus  almost  every  movement  of  the  lar>'nx  is  effected  not  by 
one  muscle  only  but  by  several,  or  at  least  by  more  than  one, 
acting  in  concert.  The  movements  which  give  rise  to  the  voice 
are  pre-eminently  combined  and  coordinate  movements.  When 
we  remember  how  very  slight  a  variation  in  the  tension  of  the 
vocal  cords  must  give  rise  to  a  marked  difference  in  the  pitch  of 
the  note  uttered,  and  yet  what  a  multitude  of  fine  differences  of 
pitch  are  at  the  command  of  a  singer  of  even  moderate  ability,  it 
appears  exceedingly  probable  that  the  various  muscular  combina- 
lioDs  required  to  produce  the  possible  variations  in  pitch  are  of 
auch  a  kind  that  frequendy  a  part  only,  possibly  a  few  fibres  only, 
of  a  particular  muscle,  may  be  thrown  into  contraction,  while  all 
the  rest  of  the  muscle  remains  quiet.  Taking  into  view  moreover 
the  great  range  of  pilch  possessed  by  e\en  common  voices^  as 
compared  with  the  possible  variations  of  tension  of  which  the 
vocal  cords  in  their  natural  length  arc  capable,  it  has  been 
suggested  that  some  of  the  fibres  of  the  thyro-arytenoidcus 
intcrnus,  which  passing  either  from  the  thyroid  or  from  the  ary- 
tenoid, appear  to  end  in  the  vocal  conds  themselves,  may,  by 
fixing  particular  points  of  the  cords,  so  to  speak,  'stop'  them; 
and  by  thus  artificially  shortening  the  length  actually  thrown  into 
vibration  produce  higher  notes  than  the  cords  in  iheir  natural 
length  arr  capable  of  producing.     It  has  been  also  suggested  that 
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the  processus  vocales  may  overlap  each  other^  aiMJ  cbeftbf 

the  length  of  cord  available  for  vibration  '. 

These  various  muscles  are  supplied   by   the  vagus 
rather  by  spinal  accessory  fibres  running  in  th-e  vagus 
superior  laryngeal  is  the  afferent   nerve    supplying  the 
membrane,  but  it  also  contains  the  motor  fibres  distri 
crico-thyroid  muscle ;  hence  when  this  nerve  is  di 
side  the  corresponding  vocal  cord  is    relaxed    and       _ 
become  impossible.     It  is  worthy  of  notice   thar  this*  lii 
tensor,  and  thtrefore  the  most  important,  muscle  .af  the 
has  a  separate  and  distinct  nervous  supply. 

According  to  some  authors  the  arytenoidcus  posticus  also 
its  nervous  supply  from  ihis  nerve  ;  but  this  is  denied  by  Scbce 

The  inferior  laryngeal  or  recurrent  branch  supplies  aJl  lb 
muscles.  When  this  nerve  is  divided  the  voice  is  lost,  si 
approximation  and  parallelism  of  the  vocal  cords  can  no  loi 
effected.  When  in  a  living  animal  both  recurrent  nerves  are  d 
the  glottis  is  seen  to  become  immobile  and  partially  dilated,  th 
cords  assuming  the  position  in  which  they  are  found  in  the  b<H 
death,  and  which  may  be  considered  as  the  condition  of 
brium  between  the  dilating  and  constricting  muscles. 
forcible  inspiration  the  glottis  passes  from  this  condition 
direction  of  more  complete  dilation  ;  during  forcible  expu 
the  change  is  one  of  constriction.  When  the  peripheral  p 
of  one  recurrent  nerve  is  stimulated,  the  vocal  cord  of  the 
side  is  approximated  to  the  middle  line ;  when  both  nen^ 
stimulated,  the  vocal  cords  are  brought  together  and  the  g!o 
narrowed.  Though  the  nerve  is  distributed  to  both  dilatinj 
constricting  muscles,  the  latter  overcome  the  former  whc 
nerve  is  artificially  stimulated.  In  the  complete  closure  « 
glottis,  which  is  so  important  a  part  of  the  act  of  coughing  (pu 
the  group  of  muscles  wliich  we  have  spoken  of  as  constitul 
sphincter  is  thrown  into  forcible  contractions  by  the  reel 
laryngeal  nerve. 

Though  fundamentally  a  voluntary  act,  the  utterance  of  a 
note  is  not  affected  by  the  direct  passage  of  simple  volition 
pulses  down  to  the  laryngeal  muscles.  So  complex  and  coor< 
a  movement  as  that  of  sounding  even  a  simple  and  natural 
requires  a  coordinating  nervous  mechanism  in  which,  as  in 

'  Cf.  RUhlmann,  mrm  SittmH^btriektt  UCIX.  (1S74}  p,  217. 
•  Zt.f,  BwL  IX.  p.  »58. 
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complex  muscular  actions,  afferenl  impulses  play  an  important 
part.  Auditory  sensations,  if  not  as  important  for  an  accurate 
management  of  the  voice  as  are  visual  sensations  for  the  move- 
ments ot  the  eye,  are  yet  of  prime  importance.  This  is  recognized 
when  we  say  that  such  and  such  a  one  wtiose  power  over  his 
laryngeal  muscles  is  imperfect,  *  has  no  ear/ 


The  'feilselto'  voice  is  one  not  at  present  clearly  understood. 
According  to  some  authors  the  vocal  cords  are  seen  to  be  wide  apart 
when  falsetto  notes  arc  uttered,  and  not  close  and  parallel  as  in  the 
ordinary  voice.  Hence  for  the  development  of  these  notes,  a  stronger 
blast  of  air  and  a  greater  effort  are  required.  When,  as  in  an  ordmary 
full  voice,  the  glottis  is  very  narrow,  the  trachea  and  bronchi  serve  the 
purpose  of  a  resonance  chamber  ;  hence  such  a  voice  is  spoken  of  as 
a  *  chest '  voice.  In  the  talsetto  voices  where  the  vocal  cords  arc  wide 
apart,  this  function  of  the  air-tubes  is  in  abeyance.  This  view  is 
combated  by  Vachcr',  who,  from  observ^ationi*  on  himself,  has  come  to 
the  conclusion  that  the  glottis  is  narrowed  in  l>oth  kinds  of  notes,  the 
cords  vibrating  along  their  whole  length  in  the  chest  notes,  and  along 
their  anterior  portions  only  in  the  high  falsetto  notes.  According  to 
him,  therefore,  the  high  notes  are  the  result  of  a  'stopping'  of  the 
vocal  cords,  but  whether  this  is  effected  by  the  action  of  the  ih>TO' 
arytenoideus  internum  spoken  of  above,  must  be  left  at  present  un* 
certain.  Johannes  Miilier  was  of  opinion  that  in  the  falsetto  notes 
the  edges  only  of  the  vocal  cord  vibrate,  while  in  the  chest  notes  the 
whole  width  of  each  cord  is  involved*  It  is  exceedmgty  probable  that 
the  falsetto  notes  are  produced  by  some  muscular  manoeuvre,  since 
they  may  by  exercise  be  uttered  with  comparative  ease.  The  change 
from  the  chest  to  the  falsetto  range  .s  an  abrupt  one,  and  the  com- 
bined range  may  be  very  extensive,  as  in  the  case  of  persons  who  can 
carry  on  a  duet,  singing  ahernatelyj  for  instance,  in  a  tenur  (chest) 
and  a  soprano  (falsetto;  voice.  According  to  Vacher  the  rima  respira- 
tom  is  always  completely  closed  during  singing,  whether  chest  or 
faheiio  notes,  and  not  as  Mandl  thought  in  the  latter  only» 

The  ventricles  of  Morgagni  are  apparently  of  use  m  giving  the 
vocal  cords  sufficient  room  for  their  vibrations.  The  purpose  of  the 
false  vocal  cords  is  not  exactly  known.  Some  authors  think  that  in 
the  falsetto  voice  they  arc  brought  down  into  contact  wuh,  and  thus 
serve  to  stop,  the  true  vocal  cords. 

At  the  age  of  puberty  a  rapid  development  of  the  Ur>'nx  lakes 

Elace,  leadmg  to  a  change  in  the  range  of  the  voice.  The  peculiar 
arshness  of  the  voice  when  it  is  thus  'breaking'  seems  to  be  due  to 
a  temporary  congested  and  swollen  condition  ot  the  raucous  mem* 
brane  of  the  vocal  cords  accompanying  the  active  growth  of  the 
whole  larynx.  The  change  in  the  mucous  membrane  may  come  on 
quite  sudfdenly,  the  voice  '  breaking '  for  instance  in  the  course  of  4 
night. 

>  Dt  la  KNDr«  Parii,  1S77. 
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Sec  2,    Speech. 
Vowels, 

Every  sound,  or.  every  note  (for  all  vocal  sounds  when 
sidered  by  themselves  are  musical  sounds),  caused  by  ihc 
of  the  vocal  cords,  besides  its  loudness  due  to  the  force 
piratory  blast,  and  its  pitch  due  to  the  tension  of  the  c 
quality  of  its  own,  due  to  the  number  and  relative  prominei 
the  overtones  which  accompany  the  fundamental  tone.  Som 
these  features  which  make  up  the  quality  arc  imposed  oq 
note  by  the  nature  of  the  vocal  cords,  but  stiU  ixK>re  arise  I 
various  modificaiions  which  the  relative  intensities  of  theovcre 
undergo  through  the  resonance  of  the  cavity  <y{  the  mouth 
throat.  Whenever  we  hear  a  note  sounded  by  the  lar>'nx  w 
able  to  recognize  in  it  features  which  enable  us  to  state  that 
or  other  of  the  'vowels*  is  being  uttered.  Vowel  sounds 
fact  only  extreme  cases  of  quality,  extreme  prominence  of 
overtones  brought  about  by  the  shape  assumed  by  tlie  buccal 
pharyngeal  passages  and  orifices,  as  the  vibrations  pass  thff 
them.  Each  vowel  has  its  appropriate  and  causative  disposj 
of  these  parts*  When  /  (ee  in  feet)  is  sounded,  the  souiuling 
of  the  upper  air  passages  is  made  as  short  as  possible,  the  Ui 
)s  raised  and  the  lips  are  retracted,  the  whole  cavity  of  the 
taking  on  the  form  of  a  broad  flask  with  a  narrow  neck.  Db 
the  giving  out  of  €  (a  in  fat)  the  shape  of  the  mouth  is  simitar, 
somewhat  longer,  for  the  production  of  a  (as  in  father) 
mouth  is  widely  open,  so  that  the  buccal  cavity  '\s  of  the  shap< 
a  funnel  with  the  apex  at  the  pharynx.  With  ^,  the  buccal  ca" 
is  again  flask-shaped,  with  the  mouth  more  closed  tlian  in  a, 
the  lips,  instead  of  bemg  retracted  as  in  i  and  ^  are  somewhat  | 
truded,  so  that  the  sounding  lube  is  prolonged.  The  g^real 
length  of  the  tube  is  re.iched  in  u  (oo),  in  which  the  lar>'nx 
depressed  and  the  lips  protruded  as  much  as  possilvle.  While 
two  latter  vowels  are  being  uttered,  the  general  fonn  of  the 
cavity  is  that  of  a  flask  with  a  short  neck  and  a  small  ot>en 
orifice  being  smaller  for  u  than  for  o. 

Each  of  these  various  *  vowel  *  forms  of  the  mouth  pos 
note  of  its  own,  one  towards  which  it  acts  as  a  resonance  cliamt 
Thus  if  several  luntni^-frnks  of  various  pitch  he  held  whilr 
before  a  mouth  which  ha*  assumed  the  pirticular  form  nc 
sounding  U.  it  will  be  found  that  the  resonance  will  be  j:*,..hv« 
great  wit}|  the  fork  having  the  pitch  of  the  buss  ^  flat.     Simil. 
pitch  of  the  treble  ^  will  be  more  intensitied  by  the  mouth  inui 
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sound  O,  the  octave  3  above  the  treble  will  correspond  to  A,  another 
octave  higher  to  £,  and  still  an  octave  higher  to  I.  And  it  is  the 
experience  of  singers  that  each  vowel  is  sung  with  peculiar  ease  on  a 
note  having  a  prominent  overtone  corresponding  to  the  tone  proper  to 
the  mouth  when  moulded  to  utter  the  vowcL  The  precipe  nature  of 
*\e  vowel  sounds  however  requires  further  investigation'. 

As  the  vibrations  are  travelling  through  the  pharyngeal  and 
►uccal  cavities,  tlie  posterior  nares  are  closed  by  the  soft  palate ; 
id  it  may  be  shewn,  liy  holding  a  flame  before  the  nostril,  that 

current  oT  air  issues  from  the  nose  when  a  vowel  is  properly 
lid  or  sung.  When  the  posterior  nares  are  not  effectually  closed 
le  sound  actiuires  a  nasal  character.  The  same  happens  when 
le  anterior  nares  are  dosed,  as  when  the  nose  is  held  between 
ic  fingers,  the  nasal  clumber  then  forming  a  cavity  of  resonance. 


C4fns4>fiafifs, 

Vowels  are,  as  their  name  implies,  the  only  real  vocal  sounds. 
It  is  only  on  a  vowel  that  a  note  can  be  said  or  sung.  Our 
speech  however  is  made  up  not  only  of  voweb  but  also  of  con- 
sonants, i,€.  of  sounds  which  are  produced  not  by  the  vibrations 
of  the  vocal  cords  but  by  the  expiratory  blast  being  in  various 
ways  interrupted  or  otherwise  modified  in  its  course  through  the 
throat  and  mouth. 

The  distinction  between  the  two  is  however  not  an  absolute 
one,  since,  as  we  have  seen,  the  characters  of  the  several  vowels 
depend  on  the  form  of  the  mouth,  and  in  the  production  of  some 
consonants  (B,  D,  M,  N,  &c.)  vibrations  of  the  vocal  cords  form  a 
necessar)*  though  adjuvant  factor. 

Consonants  have  been  classified  according  to  the  place  at 
which  the  characteristic  interruption  or  modification  takes  place. 
I'hus  it  may  occur. 

f  •  At  the  lips,  by  the  movement  or  position  of  <he  lips  m 
reference  to  each  other  or  to  the  teeth,  giving  rise  to  MiaJ 
consonants. 

2.  At  the  teeth,  by  the  moveroenl  or  position  of  the  front 
part  of  the  tongue  in  reference  to  the  teeth  or  the  hard  palate, 
giving  rise  to  t/tn/al  consonants. 

3.  In  the  throat,  by  the  movement  or  position  of  the  root  of 
c  tongue  in  reference  to  the  soft  palate  or  pharynx,  giving  rise  Ic 

ra/  consonants. 

'  Cf.  Jcnldn  ainl  Ewing,  NiUnrt^  1878,  pp,  167  «t  cc^ 
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Among  the  dentals  again  may  be  distingtiisbod  the 
commonly  so  called,  such  as  T,  the  sibitants  such  as  S, 
lingual  L,  all  differing  in  the  relative  position  of  the 
teeth,  and  palate. 

Consonants  may  also  be  classified  according  to  the 
of  the  movements  which  give  rise  to  them.      Thus 
either  cxphiive  or  continuous. 

1.  Explosives.     In   these    the   characters    are    giveo 
sound  by  the  sudden  establishment  or  removal  of  the  ap] 
interruption,       Thus^   in  uttering  the  labial  P,    the    lips 
closed,  then  an  expiratory  current  of  air  is  driven 

and  upon  their  being  suddenly  opened,   the  sound  is  

Similarly,   the  dental  T  is  generated  by  the  sudden    fein( 
the  interruption  caused  by  the  approximation    of    the  tip 
tongue  to  the  front  of   the  hard  palate,  and    the  guttural 
the  sudden  removal  of  the  interruption  caused  by  the  apprc 
tion  of  the  root  of  the  tongue  to  the  soft  palate. 

The  labial  B  differs  from  P,  inasmuch  as  it  is  accotntiai 
^nbratio^s  of  the  vocal  cords  (that  is,  a  vowel  sound  is  xiiXtt 
the  same  time),  and  these  vibrations  continue  after  the  rem( 
the  interruption.  Hence  B  is  often  spoken  of  as  -being  ul 
with  voice  and  P  without  voice  ;  and  I>  and  G  (hard) 
bear  the  same  relation  to  T  and  K  without  voice. 

The  continuom  coosonants  may  further  be  divided  into 

2.  Aspirates.  In  these  the  sound  is  generated  by 
air  through  a  constriction  formed  by  the  partial  clos 
lips,  or  by  the  raising  of  the  tongue  against  the  hard  or 
palate,  &c.  Thus  F  is  sounded  when  the  lips  are  brought 
partial,  and  not  as  in  P  and  U  into  complete  approximation, 
a  current  of  air  is  driven  through  the  narrowed  opening. 
uttered  without  any  accompanying  vibration  of  the  vocal 
i.e.  without  voice.     With  voice  it  becomes  V. 

The  sibilant  S  is  formed  by  a  rush   of  air  past  an    obstni 
caused  by  the  partial  closure  of  the  teetli,  the  front  of  the 
being  depressed   at   the   same   time ;   and  S  accompanied 
vibrations  of  the  vocal  cords  becomes  Z. 

In  Sh  the  dorsal  surface  of  the  tongue  is  raised  so 
narrow  the  passage  between  that  organ  and  the  palate 
considerable  portion  of  its  length. 

Th  is  fomied  by  placing  the  tongue  between  the  two  pmx\ 
open  rows  of  teeth ;  and  the  hard  and  soft  Tb  bear  to  each 
the  same  relation  as  do  P  and  B. 
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L  is  produced  when  the  passage  is  closed  in  the  middle  by 
iing  the  tip  of  the  tongue  against  the  hard  palate  and  the 

is  allowed  to  escape  at  the  sides  of  the  tongue. 

When  the  constriction  in  an  aspirate  is  formed  by  the  approxi* 
ilion  of  the  root  of  the  tongue  to  the  soft  palate,  we  have  the 
ittural  CH  (as  in  loch)  without  voice  and  GH  (as  in  lough)  with 
)icc. 

3.  Resonants,  In  these,  all  of  which  must  have  vibrations  of 
ic  vocal  cords  as  a  basis,  the  usual  passage  through  the  mouth  is 
losed    either   in   a   Labial,  dental,  or  guttural    fashion,  and    the 

:uliar  character  is  given  to  the  sound  by  the  nasal  chambers 
:ting  as  a  resonance  cavity.     Thus  in  M,  the  passage  is  closed 

the  approximation  of  the  lips,  in  N,  by  the  approximation  of 
le  tongue  to  the  hard  palate,  and  in  NG  by  the  approximation 
'  the  root  of  the  tongue  to  the  soft  palate. 

4.  The  various  forms  of  R  are  often  spoken  of  as  vibratory^ 
le  characteristic  sounds  being  caused  by  the  vibration  of  some 

)r  other  of  the  parts  forming  a  constriction  in  the  vocal  passage* 

■'hus  the  ordinary  R  is  produced  by  vibrations  of  the  point  of  the 

mgue  elevated  against  the  hard  palate,  the  guttural  R  by  the 

ibrations  of  the  uvula  or  other  parts  of  the  walls  of  the  pharynx ; 

in  some  languages  there  seems  to  be  an  R  produced  by  the 

ibrations  of  the  lips. 

H  is  caused  by  the  rush  of  air  through  the  widely  open  glottis, 
len,  in  sounding  a  vowel,  the  sound  coincides  with  a  sudden 
change  in  the  position  of  the  vocal  cords  from  one  of  divergence 
to  one  of  approximation,  the  vowel  is  pronounced  with  the  spiritus 
asper.  When  the  vocal  cords  are  brought  together  before  the  blast 
of  air  begins,  the  vowel  is  pronounced  with  the  ipiritus  Unit. 
The  Arabic  H  is  produced  by  dosing  the  rima  vocalis,  the  epiglot- 
tis and  false  vocal  cords  being  depressed,  and  sending  a  blast  of 
air  through  the  rima  respiraioria. 

On  many  of  the  above  points,  however,  there  are  great  dif- 
ferences of  opinion,  the  discussion  of  which  as  well  as  of  other 
more  rare  consonantal  sounds  would  lead  us  too  far  away  from  the 
purpose  of  this  booL  The  following  tabukr  statement  must 
therefore  be  regarded  as  introduced  for  convenience  only. 

£xPl«osiVES*     Labials,      without  voice,  * P. 

,,  with  voice .,B, 

/  iftiais,      wi thout  voice,  T, 

f,  with  voice,    D, 

GuiiMmlst  without  voice,  .K. 

^,  with  voice,    G  (hard^ 
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Aspirates.     Labials,        without  voicc^   .F. 

„  with  voice,     V. 

Denial Sf       without  voice,   S,  L,  Sh,  Th 

,»  with  voice,     ., Z,  Zh,  (in 

Frcivch  I),  Tb 

Aspirates.     Gutturals^  without  voice,    ......CH  (asm  '  " 

with  voice.    GH  (as  tn 

Resonants.   Labial, .M^ 

DeniaJ, N. 

Guiturai,       NG. 

Vibratory.   Labial^  not  known  in  European  speecli,. 

Dental^  R  (common). 
Guttural^       R  (guttural). 

Whispering  is  speech  without  any  enQplo)nnent  of  the 
cords,   and   is   effected  chiefly  by  the  lips  and  tongue, 
in  whispering   the  distinction    between   consonants  needing 
those   not   needing  voice,  such   as    B  and  P,    becomes   for 
most  part  iost. 

Sec.  3.     Locomotor  Mechanisms, 


The  skeletal  muscles  are  for  the  most  part  arranged 
on  the  bones  and  cartilages  as  on  levers,  examples  of  the  first 
of  lever  being  rare,  and  those  of  the  third  kind,  where  the 
is  applied  nearer  to  the  fulcrum  than  is  the  weight,  being 
common  than  the  second.  This  arises  from  the  fact  l" 
movements  of  the  body  are  chiefly  directed  to  movLog  c 
tively  light  weights  through  a  great  distance,  or  through  a 
distance  with  great  precision,  rather  than  to  moving  heavy 
through  a  short  distance.  The  fulcrum  is  generaDy  supp 
(perfect  or  imperfect)  joint,  and  one  end  of  the  acting 
made  fast  by  being  attached  cither  to  a  fixed  point,  or 
point  rendered  fixed  for  the  time  being  by  the  contraction  of  < 
muscles.  There  are  few  movements  of  the  body  in  which 
muscle  only  is  concerned  ;  in  the  majority  of  cases  several  1 
cles  act  together  in  concert;  nearly  all  our  movements 
coordinate  movements.  When  gravity  or  the  elastic  reactioc 
the  parts  acted  on  does  not  afford  a  sufficient  antagonism  to 
contraction  of  a  muscle  or  group  of  muscles,  the  return  to 
Condition  of  equilibrium  is  provided  for  by  the  action  either  eij 
or  contractile  of  a  set  of  antagootsitc  mui^dcs  \  this  is  seen  La 
case  of  the  face. 
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The  erect  posture,  in  which  the  weight  of  the  body  is 
rne  by  the  plantar  arches,  is  tlie  result  of  a  series  of  contrac- 
)Qs  of  the  muscles  of  the  trunk  and  legs,  having  for  their  object 
le  keeping  the  body  in  such  a  position  thai  the  line  of  gravity 
Us  within  the  area  of  the  feet.  Thai  this  docs  require  muscular 
tcrtion  is  shewn  by  the  facts,  that  a  person  when  standing  per- 
:lly  at  rest  in  a  completely  balanced  position  falls  when  he 
:omcs  unconscious,  and  that  a  dead  body  cannot  be  set  on  its 
!t.  The  line  of  gravity  of  the  head  falls  in  front  of  the 
xipital  articulation^  as  is  shewn  by  the  nodding  of  the  head  in 
;p.  The  centre  of  gravity  of  the  combined  head  and  trunk 
ss  at  about  the  level  of  the  ensiforra  cartilage,  m  front  of  the 
ilh  dorsal  vertebra,  and  the  line  of  gravity  drawn  from  it 
;s  behind  a  line  joining  the  centres  of  the  two  hip-joints,  so 
the  erect  body  would  fall  backward  were  it  not  for  the  action 
the  muscles  passing  from  the  thighs  to  the  pelvis  assisted  by 
le  anterior  ligaments  of  the  hip-joints.  The  line  of  gravity  ot 
combined  head,  trunk  and  thighs  falls  moreover  a  little  behind 
knee-joints,  so  that  some,  though  little,  muscular  exertion  is 
[uired  tt>  prevent  the  knees  from  being  bent  Lastly,  the  line  of 
Lvity  of  the  whole  body  passes  in  front  of  the  line  drawn  be- 
reen  the  two  ankle-joints,  the  centre  of  gravity  of  the  whole  body 
;ing  placed  at  the  end  of  the  sacrum  •  hence  some  exertion  of 
ie  muscles  of  the  calves  is  required  to  prevent  the  body  falling 
wards. 

In  walking,  there  is  in  each  step  a  moment  at  which  the 
ly  rests  vertically  on  the  foot  of  one»  say  the  right  leg,  while  the 
rthcr,  the  left  leg,  is  inclined  obliquely  behind  with  the  heel  raised 
and  the  toe  resting  on  the  ground.  The  left  leg,  slightly  flexed  to 
avoid  contact  with  the  ground,  is  then  swung  forward  like  a  pen- 
dulum, the  Icngtii  of  the  swing  or  step  being  dcteimined  by  the 
length  of  the  leg  ;  and  the  left  toe  i  is  brought  to  the  ground.  On 
this  left  toe  as  a  fulcrum',  the  body  is  moved  forward,  the  centre  of 
gravity  of  the  body  describing  a  curve  the  convexity  of  which  is 
upward,  and  the  left  leg  necessarily  becoming  straight  and  rigid. 
As  the  body  moves  forward,  a  |>oint  will  be  reached  similar  to  that 
with  which  we  suppose  the  step  to  be  started,  the  body  resting 
vertically  on  the  left  foot,  and  the  right  leg  being  directed  behind 
in  an  oblique  position.  The  movement  on  the  left  foot  however 
carries  the  body  beyond  this  point,  and  in  doing  so  swings  the 

*  Tlii«  indicAteii  pcrhstps  what  should  be  done  rather  than  tJbe  adtyJ  pnc* 
tice :  most  people  put  ih«r  heel  to  the  ground  first,  the  coatact  with  the  toe 
^owiiig  Uter* 


it  the  top  of  the  head,  describes  a  series  of  oi 
with  their  convexities  upwards,  very  similar  to 
of  tnany  birds. 

Since  in  standing  on  both  feet  the  line  of  gn 
the  two  feet,  a  lateral  displacement  of  the 
necessary  In  order  to  balance  the  body  on  on 
walking  the  centre  of  gravity  describes  not 
vertical,  but  also  a  series  of  horizontal  curveaj; 
each  step  the  line  of  gravity  is  made  to  fall  al 
standing  foot.  While  the  left  leg  is  swinging,  tl 
falls  within  the  area  of  the  right  foot,  and  the  < 
on  the  right  side  of  the  pelvis.  As  the  left 
standing  foot,  the  centre  of  gravity  is  shifted  to  tl 
pelvis.  The  actual  curve  described  by  the  cei 
therefore  a  somewhat  complicated  one,  being  con 
and  horizontal  factors.  The  natural  step  is  the  oi 
mined  by  the  length  of  the  swinging  leg,  sin 
pendulum  ;  and  hence  the  step  of  a  long-legged  p 
longer  than  that  of  a  person  with  short  legs, 
step  however  may  be  diminished  or  increased 
cular  effort,  as  when  a  line  of  soldiers  keep  step 
having  legs  of  different  lengths.  Such  a  mode 
obviously  be  fatiguing,  inasmuch  as  it  involve* 
expenditure  of  energy. 

In  slow  walking  there  is  an  appreciable  tit. 
while  one  foot  is  already  in  position  to  serve  ai 
other,  swingings  foot  has  not  left  the  ground.  In 
period  is  so  much  reduced,  that  one  foot  leavei 
moment  the  other  touches  it ;  hence  there  is  pract 
during  which  both  feet  are  on  the  KioiUMl  lOKethee 
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ms,  right  fore  leg,  left  hind  leg,  left  fore  leg,  right  hind  leg*  In 
le  amble,  such  as  that  of  the  camcl^  the  two  feet  of  the  same  side 
re  put  down. at  one  and  the  same  time,  this  movement  being  fol- 
we<l  by  a  similar  movement  of  the  other  two  legs  ;  it  corresponds 
Tefore  very  closely  to  human  walking-  In  the  trot,  which 
>rresponds  lo  human  running,  the  two  diagonally  opposite  feet 
re  brought  to  the  ground  at  the  same  time,  and  the  body  is  pro- 
lied  forwards  on  them.  Of  the  gallop  and  canter  there  are 
ly  varieties,  and  the  movements  becocne  very  complicated ', 
The  other  problems  connected  with  the  action  of  the  various 
jcletal  muscles  of  tlie  body  are  too  special  to  be  considered 
lere. 

•  See  Mirey,  Jji  Mvkim  AnimaU  (1876^ 
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THE  TISSUES  AND    MECHANISMS   OF   REPRO- 
DUCTION. 

[any  of  the  individual  constituent  parts  of  the  body  arc  capable 
)f  reproduction,  i.e.  they  can  give  rise  to  parts  like  ihemsetvcs  ;  or 
[tiiey  are  capable  of  regeneration,  i.e.  their  places  can  be  taken 
►y  new  parts  more  or  less  closely  resembling  themselves.  The 
slementary  tissues  undergo  during  life  a  very  large  amount  of 
^generation.  Thus  the  old  epithelium  scales  which  fall  away 
from  the  surface  of  the  body  are  succeeded  by  new  scales  from  the 
underlying  layers  of  the  epidermis  ;  old  blood-corpuscles  give 
place  to  new  ones  ;  worn-out  muscles,  or  those  which  have  failed 
froru  disease,  are  renewed  by  the  accessioii  of  fresh  fibres ;  divided 
nerves  grow  again  ;  broken  bones  are  united ;  connective  tissue 
seems  to  disappear  and  appear  almost  without  limit ;  new  secreting 
cells  take  the  place  of  the  old  ones  which  are  cast  off;  in  fact, 
with  the  exception  of  some  cases,  such  as  cartilage,  and  these 
doubtful  exceptions,  all  those  fundamental  tissues  of  the  body, 
which  do  not  form  part  of  highly  diiferen bated  organs,  are,  within 
limits  fixed  more  by  bulk  than  by  anytliing  else,  capable  of  re- 
generation. That  regeneration  by  substitution  of  molecules, 
which  is  the  basis  of  all  life,  is  accompanied  by  a  regeneration 
by  substitution  of  mass. 

In  the  higher  animals  regeneration  of  whole  organs  and 
members,  even  of  those  whose  continued  functional  activity  is 
not  essential  to  the  well-being  of  the  body,  is  never  witnessed, 
though  it  may  be  seen  in  the  lower  animals ;  the  digits  of  a  newt 
may  be  restored  by  growth,  but  not  those  of  a  man.  And  the 
repair  which  follows  even  partial  destruction  of  highly  differeo- 
tiaied  organs,  such  as  the  retina,  is  in  the  higher  animals  very 
imperfect. 

In  the  higher  animals  the  reproduction  of  the  whole  individual 
can  be  effected  in  no  other  way  than  by  the  process  of  sexual 
generation,  through  which  the  female  representative  clement  or 
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ovum  is,  under  the  influence  of  the  male  representadve  or 
tozoon,  developed  into  an  adult  individual. 

We  do  not  purpose  to  enter  here  into  any  of  the  iD0rph6li]|^ 
problems  connected  with  the  series  of  changes  through  whicfa  ttt 
ovum  becomes  the  adult  being;  or  into  the  obscure  bidogiQA 
inquiry  as  to  how  the  simple  all  but  structureless  dvnzn  contam 
within  itself,  in  potentiahty,  all  its  futurtr  developments,  andisiv 
what  is  the  essential  nature  of  the  male  action.  These  probkai 
and  questions  are  fully  discussed  elsewhere  ;  they  do  not  prapolf 
enter  into  a  work  on  physiology,  except  under  the  view  that  A 
biological  problems  are,  when  pushed  far  enough,  physiological 
problems.  Wc  shall  limit  ourselves  to  a  brief  survey  of  the  moie 
important  physiological  phenomena  attendant  on  the  impre^natiai 
of  the  ovum^  and  on  the  nutrition  and  birth  of  the  embcyo. 


CHAPTER  L 


^  MENSTRUATION. 


puberty,  whicli  occurs  at  from  13  to  17  yeais  of  age,  to  the 
limacteriCf  which  arrives  at  from  45  to  50  years  of  age,  the  human 
lale  is  subject  to  a  monthly  discharge  of  ova  from  the  ovaries, 
:ompanied  by  special  changes,  not  only  in  those  organs  but  also 
the  FaJbpian  tubes  and  uterus,  as  well  as  by  general  changes 
the  body  at  large,  the  whole  constituting  'menstruation.'  The 
mtiai  event  in  menstruation  is  the  escape  of  an  ovum  from 
Graaffian  follicle.  The  whole  ovary  at  this  time  becomes 
mgested,  and  the  ripe  follicle  bulging  from  the  surface  of  the 
iry,  is  grasped  by  the  tmmpet-shaf»ed  fringed  opening  of  the 
Tallopian  tube,  itself  turgid  and  congested ;  by  what  mechanism 
lis  is  effected  is  not  exactly  known.  The  most  projecting 
)rtion  of  the  wall  of  the  follicle,  which  has  previously  become 
ccessively  thin,  is  now  ruptured,  and  the  ovum,  which  having 
left  its  earlier  position,  is  lying  close  under  the  projecting  surface 
of  the  folKcle,  escapes,  together  with  the  cells  of  the  discus  prt^ 
liaerus^  into  the  Fallopian  tube.  Thence  it  travels  downwards^ 
vcr)'  slowly,  by  the  action  probably  of  the  cilia  lining  the  tube, 
though  possibly  its  progress  may  occasionally  be  assisted  by  thd 
peristaltic  contractions  of  the  muscular  walls.  The  stay  of  th« 
ovum  in  the  Fallopian  tube  may  extend  to  several  days.  There 
is  an  etTusion  of  blood  into  the  ruptured  follicle,  which  is  subse- 
quenlly  followed  by  histological  changes  in  the  coats  of  the  follicle 
resulting  in  a  corptts  luteum.  The  discharge  of  the  ovum  is  ac- 
companied not  only  by  a  congestion  or  erection  of  the  ovary 
and  Fallopian  tube,  but  also  by  marked  changes  in  the  uterus, 
especially  in  the  uterine  mucous  membrant.  While  the  whole 
organ  becomes  congested  and  enlarged,  the  mucous  membrane, 
and  especially  the  uterine  glands,  arc  distinctly  hypertrophied. 
The  swollen  internal  surface  is  thrown  into  folds  which  almost  ob- 
ttterate  the  cavity ;  and  n  hsemorrhagic  discharge,  often  considerable 

\^ — ■>. 


692 


MENSTRUATION. 


[LCNjI  IV. 


ia  extent,  constiuiting  the  menstrual  or  catamenial  torn,  tiis 
place  from  the  greater  part  of  its  surface.  The  blood  as  ts 
through  the  vagina  becomes  somewhat  altered  by  the  add  «a^ 
lions  of  that  passage,  and  when  scanty  coagulates  but  ^ip&fi 
when  the  flow  however  is  considerable,  distinct  clots  mzj  i 
their  appearance.  It  is  not  certain  that  menstniation,  in 
human  subject  at  all  events,  is  always  accompanied  byadisdir| 
of  an  ovura ;  indeed  cases  have  been  recorded  in  which 
tion  conrinued  after  what  appeared  to  be  complete  rcmonl 
both  ovaries.  And  it  seems  probable  also  that  under  ceit 
circumstances,  ex.  gr.  coitus,  a  discharge  of  an  ovum  may  t 
place  at  other  times  than  at  the  menstrual  period.  Since  hoven 
the  time  during  which  both  the  ovum  and  the  spermatozoan  d 
remain  in  the  female  passages  alive  and  functionally  capable 
considerable,  probably  extending  to  some  days,  coitus 
either  some  time  after  or  some  time  before  the  mensiraal 
of  an  ovum  might  lead  to  impregnation  and  subset^uent 
ment  of  an  embr>'o  j  hence  the  fact  that  impregnation  VOK 
upon  coitus  at  some  time  after  or  before  menstruation  i$ 
cogent  argument  in  favour  of  the  view  that  such  a 
caused  an  independent  escape  of  an  ovum.  The  escape 
ovura  is  said  to  precede,  rather  than  coincide  wiih  or  follow, 
catamenial  flow*.  If  no  spermal07oa  come  in  contact  with 
ovum  it  dies,  the  uterine  membrane  returns  to  its  normal 
tion,  and  no  trace  of  the  discharge  of  an  ovum  is  left,  excepi. 
corpus  luteum  in  the  ovary. 

According  to  many  authors  the  uterine   mucous   memhraae 
actually  shed  during  menstruation,  and  subsequently  cntinsly 
rated.     According  to  their  view  the  haemorrhagic  discharge  ts  dae 
positive  'solution  of  continuity.'      In  animals  no  discharge  of  t 
or  a  very  scanty  one,  takes  place  at  '  heat '  or  *rut  * ;   hence  this 
cannot  be  settled  by  comparative  studies ;  and  in  the  human 
the  intcr\'al  which  must  necessarily  elapse  between  death  and 
tion,  is  sufficiently  long  to  render  investigalron  very  difficult.   Wi 
has  brought  forward  strong  evidence  in  favour  of  an  actual 
substance  taking  place.      .According  to  him,  menstruation  t^  _ 
panied  by  a  rapid  growth  and  subsequent  rapid  degeneration 
mucous  membrane,  for  a  depth  reaching  down  to  that  layer  of 
fibres  which  passes  among  the  deeper  parts  of  the  uterine 
The  growth  and  degeneration  begin  at  an  abrupt  line  near  tfte  Ire 
and  spread  towards  the  fundus.     The  decay  lays  bare  small  bl< 
vessels,  from  which  the  haemorrhage  takes  place. 

•  WiUiaros,  /Vw.  ^*»y.  Soe,  xxiii.  439, 

*  Proe,  Roy,  Soc»  xxii.  297.     See  aliio  his  S/rut,  Mme,  Afrm^,  pf 
1875.  "" 
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It  ts  ob^ous  that  in  these  phenomena  of  menstruation  we 
ive  to  deal  with  complicated  reflex  actions  affecting  not  only 
le  vascular  supply,  but,  apparently  in  a  direct  manner,  the  nutri- 
re  changes  of  the  organs  concerned.  Our  studies  on  the  nervous 
:tion  of  secretion  render  it  easy  for  us  to  conceive  in  a  general 
\y  how  the  several  events  arc  brought  about  It  is  no  more 
lifficult  to  suppose  that  the  stimulus  of  the  enlargement  of  a 
"IraafTian  follicle  causes  nutritive  as  well  as  vascular  changes  in 
le  uterine  mucous  membrane,  than  it  is  to  suppose  that  the 
imulus  of  food  in  the  alimentary  canal  causes  those  nutritive 
mges  in  .the  salivary  glands  or  pancreas  whicn  constitute  secre- 
m.  In  the  latter  case  we  can  to  some  extent  trace  out  the  chain 
events  j  in  the  former  case  we  hardly  know  more  than  that  the 
taintcnunce  of  the  lumbar  cord  is  sufficient,  as  far  as  the  central 
icrvous  system  is  concerned,  for  the  carrying  on  of  the  work.  In 
ic  case  of  a  dog  observed  by  Golt£',  'heat'  or  menstruation 
>k  place  as  usual  though  the  spinal  cord  had  been  completely 
ided  in  the  dorsal  region  while  the  animal  was  as  yet  a  mere 
ippy. 

The  operation  was  performed  in  Dec.  1873.  In  the  following  May 
anitmLl  was  in  excellent  health,  and  there  was  not  the  slightest 
lication  that  any  functional  connection  between  the  dors^  and 
imbar  portions  of  the  spinal  cord  had  been  rc-csUiblished.  At  the 
id  of  that  month  *hcat'  came  on,  attended  by  all  the  ordinary 
ihenomena  psychical  as  well  as  physical  Impregnation  was  cflTccled 
and  the  animal  became  gravid.  The  pregnancy,  like  the  heat,  was 
marked  by  all  the  usual  signs  ;  the  mammary  glands  enlarged,  and  the 
usual  mental  accompaniments  of  the  condition  were  present.  Finally, 
one  living  and  two  dead  puppies  were  bom,  the  first  without  and  the 
latter  two  with  assistance  ;  the  mother  however  sank  soon  afterward* 
from  puerperal  peritonitis.  The  post*mortem  examination  shewed 
that  there  had  been  no  regeneration  of  the  divided  spinal  cord  ;  the 
two  portions  were  separated  by  more  than  a  centimetre. 

In  this  case  the  connection  between  the  ovary  on  the  one  hand  and 
the  mammary  gland,  brain,  &c.,  on  the  other,  must,  if  a  nervous  one, 
have  been  fumi;»hed  by  the  abdominal  sympathetic.  We  may  however 
suppose  that  the  nexus  was  a  chemical  one  ;  that  the  condition  of  the 
ovary  and  uterus  effected  a  change  in  ihe  blood,  which  in  turn  excited 
the  mammary  gland  to  increased  action  and  produced  special  changes 
tn  the  brain. 

•  Payger't  An^hr,  OU  (1(^74)  p.  $$t. 
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In  coitus  the  discharge  of  the  semen  containing  the  sr 
is  most  probably  eflfected  by  means  of  the  peristaltic  cou 
the  vesicula;  seminales  and  vasa  deferentia,  assisted  b>  r 
contractions  of  the  bulbo-cavemosus  muscle,  the  whi> 
reflex  act,  the  centre  of  which  appears  to  be  in  the  lui> 
cord.    Gohz'  has  shewn  that  in  the  dog,  emission  of  scnr 
brought  about  by  stimulation  of  the  glans  penis  after 
division  of  the  spinal  cord  in  the  dorsal  region.      The 
of  semen  is  preceded  by  an  erection  of  the  penis.      This  we 
already  seen,  p.  215,  is  in  part  ai  least  due  to  an  incr^eased 
supply  brought  about  by  means  of  the  nervi    crigcntc^ ;  '• 
probable,  however,  that  the   condition   is   further    sec 
compression  of  the  efferent  veins  of  the  corpora   ca^ 
means  of  smooth  muscular  fibres  present  in  those  bodice    Tl 
semen  being  received  into  the  female  organs,   which  arc  M  ti 
time  in  a  state  of  turgescence  resembling  the  erection  of  the 
but  less  marked,  the  spennatozoa  find  their  way  into  the  FaliopiB 
tubes,  and  here  (probably  in  its  upper  part)  come  in  contact 
the  ovum.     In  the  case  of  some  animals  impregnation  inay 
place  at  the  ovary  itself.     The  passage  of  tlie  spermatozoa  is 
probably  effected  mamly  by  their  own  vibratile  activity  ; 
some  animals  a  retrograde  peristaltic  movement   iravcUi 
the  uterus  along  the   Fallopian   lubes  has   been    obi 
might  assist  in  bringing  the  semen  to  the  ovum,  but  in 
as  these  movements  are  probably  parts  of  the  act  of  cx)it 
impregnation  may  be  deferred  till  some  drae  after  that  event, 
great  stress  can  be  laid  upon  them. 

The  ascent  of  the  spermatozoa  is  certainly  puzzling  if  the 
the  Fallopian  tubes,  which  act  from  above  downwards,  caiun 
activity  aner  the  escape  of  the  ovum.     The  spcrmAtoz<xi  dii 

•  PflUfier'g  ArcAiv,  Vlll.  (1874)  p.  460, 
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come  in  contact  with  the  ovum  become  motionless;  this  suggests 
that  the  final  cause  of  their  activity  is  to  enable  them  to  reach  the 
ovum. 


As  the  result  of  the  action  of  the  spermatozoa  on  the  ovum,  the 
latter^  instead  of  dying  as  when  impregnation  fails,  awakes  to 
great  nutritive  activity  accompanied  by  remarkable  morphological 
changes;  it  enlarges  and  developes  into  an  embryo.  No  sooner, 
however,  have  these  changes  begun  in  the  o\unii  than  correlative 
changes,  brought  about  probably  by  reflex  action,  but  at  present 
most  obscure  in  their  causatioD,  take  place  iu  the  uterus.  The 
mucous  membrane  of  this  organ,  whether  the  coitus  resulting  in 
impregnation  be  coincident  with  a  menstrual  period  or  not, 
becomes  conKcsied,  and  a  rapid  growth  takes  place,  characterized 
by  a  rapid  proliferation  of  the  epithelial  and  subepithelial  tissues. 
Unlike  the  case  of  menstruation,  however,  this  new  growth  does 
not  give  way  to  immediate  decay  and  haemorrhage,  but  remains ; 
and  may  be  distinguished  as  a  new  temporary  Uning  to  the  uterus, 
the  so-called  decidua.  Into  this  decidua  the  ovum^  on  its  descent 
from  the  Fallopian  tube,  in  which  it  has  undergone  developmental 
changes,  extending  most  prob^ably  as  far  at  least  as  the  formation 
of  the  blastoderm  if  not  farther,  is  received ;  and  in  this  it 
becomes  embedded,  the  new  growth  closing  in  over  it.  Mean- 
while the  rest  of  the  uterine  structures,  especially  the  muscular 
tissue,  become  also  much  enlarged  ;  as  pregnancy  advances  a 
large  number  of  new  muscular  fibres  are  formed.  As  the  ovum 
continues  to  increase  in  size,  it  bulges  into  the  cavity  of  the 
uterus,  carrying  with  it  the  portion  of  the  decidua  which  has 
closed  over  it.  Henceforward,  accordingly,  a  distinction  is  raade 
in  the  now  welideveloped  decidua  between  the  decidua  reflexa^  or 
that  part  of  the  membrane  which  covers  the  projecting  ovum,  and 
the  decidua  vera^  or  the  rest  of  the  membrane  lining  the  cavity  of 
the  uterus,  the  two  being  continuous  round  the  base  of  the  pro- 
jecting ovum.  That  part  of  the  decidua  which  intervenes  between 
the  ovum  and  the  nearest  uterine  wall  is  frequently  spoken  of  as 
the  deddUa  scrotirta.  As  the  ovum  develops  into  the  foetus  with 
its  membranes,  the  decidua  reflexa  becomes  pushed  against  the 
decidua  vera  \  about  the  end  of  the  third  month,  in  the  human 
subject,  the  two  come  into  complete  contact  all  over,  and 
ultimately  the  distinction  between  them  is  lost.  In  the  region 
of  the  decidua  seralina  the  allantoic  vessels  of  the  foetus  develop 
n  placenta.  For  an  account  of  the  various  changes  by  which 
these  events  are  brought  about,  as  well  as  of  the  history  of  the 
embryo  itself,  we  mustrefer  the  reader  to  anatomical  treatises. 


^^  CHAPTER  in. 

THE  NUTRITION  OF  THE  EMBRYO. 


During  the  development  of  the  chick  within   the_  hen's  qgi^ 
nutritive  material  needed  for  the  growth  first  of  the  hlastodci* 
and  subsequently  of  the  embr>'o,  is  supplied  by  the  yolk,  while  w 
oxygen  of  the  air  passing  freely  through   the  porous  shell,  p» 
access  to  all  the  tissues  both  of  the  embryo  and  yotk^     ' 
directly   or  by  the  intervention   of  the    allantoic  vessels. 
mammalian  embryo,  during  the  period   which   precedes  tbe  » 
tension  of  the  allantoic  vessels  into  the  cavities  of  the  utxsat 
walls  to  form  the  placenta,  must  be  nourished  by  direct  diifuw 
first  from  the  contents  of  the  Fallopian  tube,  and  subscqueci)? 
from  the  decidua  ;  and  its  supply  of  oxygen  must  come  from  t^ 
same  sources.     All  analogy  would  lead  us  to  suppose  that,  frai 
the  very  first,  oxidation  is  going  on  in  the   blastodermic  and  ca- 
bryonic  structures  ;  but  the  amount  of  oxygen  actually  witbdn«i 
from  without  is  probably  exceedingly  small  in  the  early  sta^ 
seeing  that  nearly  the  whole  energy  of  the  metabolism  going 
is  directed  to  the  building  up  of  structures,    the  expenditure 
energy  in  the  form  of  either  heat  or  external  work  being 
small     The  marked  increase  of  bulk  which  takes  place 
the  conversion  of  the  mulberry  mass  into  the  bla^todeimic  vtskk^ 
shews  that  at  this  epoch  a  relatively  speaking  large  qiumdiy 
water  at  least,  and  probably  of  nutritive  matter,  must  pass  froea 
without  into  the  ovum  ;  and  subsequently,  though  the  b 
and  embryo  may  for  some  time  draw  the  material  for  ibelr 
tinued  construction  at  first  hand  from  the  yolk-sac  or  nm 
vesicle,  both  this  and  they  continue  probably  until  the  allantob  is 
formed   to  receive    fresh  material   from   the  mother   by  direct 
diffusion. 

As  the  thin-walled  allantoic  vessels  come  into  closer  ind 
fuller  connection  with  the  material  uterine  sinuses,  until  jU  ImI 
in  the  fiilly  formed  placenta  the  former  are  freely  bathed  is  the 
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lood  streaming  through  the  latter,  the  nutrition  of  the  embryo 
:omes  more  and  more  confined  to  this  special  channel.  The 
of  the  foetus  flowing  along  the  umbilicd  arteries  effects 
[changes  with  the  venous  blood  of  the  mother,  and  leaves  the 
icenta  by  the  urabilioil  vein  richer  in  oxygen  and  nutritive 
Lterial  and  poorer  in  carbonic  acid  and  excretory  products  than 
rhen  it  issued  from  the  foetus. 

As  far  as  the  gain  of  oxygen  and  the  loss  of  carbonic  acid  arc 
mceracd  these  are  the  results  of  simple  diffusion.  Venous 
lood,  as  we  have  already  seen,  alwaj-s  contains  a  quantity  of 
tyhremoglobin,  and  the  quantity  of  this  substance  present  in  the 
>lood  of  the  uterine  veins  is  sufficient  to  supply  ail  the  oxygen 
tt  the  embryo  needs ;  the  blood  of  the  foetus,  containing  less 
oxygen  than  even  the  venous  blood  of  the  mother,  will  take  up  a 
certain  though  small  quantity.  The  fcEtal  blood  travelling  in  the 
umbilical  artery  must,  in  proportion  to  the  extent  of  the  nutritive 
changes  going  on  in  the  embryo,  possess  a  higher  carLnDnic 
tension  than  that  in  the  umbilical  vein  or  uterine  sinus  ;  and  by 
diffusion  gets  rid  of  this  surplus  during  its  stay  in  the  placenta. 
The  blood  in  the  umbilicaj  arteries  and  veins  is  therefore,  rela- 
tively speaking,  venous  and  arterial  respectively,  though  the  small 
excess  of  oxyliaemoglobin  in  the  blood  of  the  umbilical  vein  '  is 
insufficient  to  give  it  a  distinctly  arterial  colour,  or  to  distinguish 
it  as  sharply  from  the  more  venous  blood  of  the  umbilical  arteni'. 
as  is  ordinary  arterial  from  ordinary  venous  blood.  Thus  the 
foetus  breathes  by  means  of  the  maternal  blood,  in  the  same  way 
that  a  fish  breathes  by  means  of  the  water  in  which  it  dwells. 

The  blood  of  the  fcetus,  according  to  Zuntz%  is  very  poor  in  hsemo- 
globin  corresponding  to  its  low  oxygen  consumptioiL  When  the 
mother  is  asphyxiated,  the  fcetus  is  asphyxiated  too,  the  oxygen  of  the 
latter  passing  back  again  in  the  blood  of  the  former  ;  and  the  asphyxia 
thus  produced  in  the  fa?tus  is  much  more  rapid  than  that  which  results 
when  the  oxygen  is  used  up  by  the  tissues  of  the  foetus  alone,  as  when 
the  umbilicus  is  ligatured  and  the  fcetus  not  allowed  to  breathe. 

If  oxygen  and  carbonic  acid  thus  pass  by  diffusion  to  and 
from  the  mother  and  the  foetus,  one  might  fairly  expect  that 
diffusible  salts,  proleids,  and  carbohydrates  would  be  conveyed  to 
the  latter,  and  diffusible  excretions  carried  away  to  the  former,  in 
the  same  way  ;  and  if  fats  can  pass  directly  into  the  portal  blood 
during  ordinary  digestion,  there  can  be  no  reason  for  doubting 
that  this  class  of  food-stuffs  also  would  find  its  way  to  the  fcetus 

'  Zwcifcl,  Arrh./Hr  Gyndk(*Iogu,  ix.  Hft  a. 
■  Pfltiger't  Arrkhr,  X'V.  (1877^  p,  605. 
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through  the  placental  structures.  We  do  know  from 
that  diffusible  substances  will  pass  both  from  the 
the  foetus,  and  from  the  foetus  to  the  mother ;  b«l  w 
definite  knowledge  as  to  the  exact  form  and  manner 
during  normal  intra-uterine  life,  nutritive  materials  are 
to  or  excretions  conveyed  from  the  growing  young.  Til 
is  remarkable  for  the  great  development  of  cellular 
apparently  of  an  epithelial  nature^  on  the  border-Laa 
the  maternal  and  foetal  elements  ;  and  it  has  been  sag] 
these  form  a  temporary  digestive  and  secretory  (cxcrcti 
But  we  have  no  exact  knowledge  of  what  actually  does 
in  these  structures.  From  the  cotyledons  of  niminani 
obtained  a  white  creamy-looking  fluid,  which  from  m; 
of  its  chemical  composition  might  be  almost  spoki 
*  uterine  milk.* 

Speaking  broadly,  the  foetus  lives  on  the  blood  of 
very  much  in  the  same  way  as  all  the  tissues   of  an: 
on  the  blood  of  the  body  of  which  they  are  the 

For  a  long  time  all  the  embryonic  tissues  are 
in  character  j  tliat  is,  the  gradually  differentiating  elem< 
several  tissues  remain  still  embedded,  so  to  speak,  in 
tiated  protoplasm  ;  and  during  this  period  there  must  be 
similarity  in  the  metabolism  going  on  in  various  parts  of* 
As  differentiation  becomes  more  and  more  marked,  it 
would  be  an  economical  advantage  for  partially  elaborated 
to  be  stored  up  in  various  foetal  tissues,  so  as  to  be 
immediate  use  when  a  demand  arose  for  it,  rather  I 
special  call  to  be  made  at  each  occasion  upon  the  moth< 
paratively  raw  material  needing  subsequent  preparatory 
Accordingly,  w^e  find  the  tissues  of  the  foetus  at  a 
period  loaded  with  glycogen.  The  muscles  are  espe 
in  this  substance^  but  it  occurs  in  other  tissues  as  -v 
abundance  of  it  in  the  former  may  be  explained  partly  b 
that  they  form  a  very  large  proportion  of  the  total  rm 
fcetal  body,  and  partly  by  the  fact  that,  while  during  the 
of  the  glycogen  they  contain  much  undifferentiated 
they  arc  exactly  the  organs  which  will  ultimately  un 
amount  of  differentiation,  and  therefore  need  a  large 
material  for  the  metabolism  which  the  differentiation  en 
is  not  unril  the  later  stages  of  intra-uterine  life,  at  about 
month,  when  it  is  largely  disappearing  from  the  muscles, 
glycogen  begins  to  be  deposited  in  the  liver.  By  this  ti 
logical  differentiation  has  advanced  largely,  and  the  o 
glycogen  to  the  economy  has  become  that  to  which  it  is 


\  nt]    THE  NUTRITION  OF  THE  EMBRYO. 


699 


ordinary  life  of  the  animal ;  hence  we  find  it  deposited  in  the 
place.  Besides  being  present  in  the  fceUl,  glycogen  [s  found 
in  the  pbccntal  structures ;  but  here  probably  it  is  of  use,  not 
Jot  the  foetus,  but  for  the  nutrition  and  growth  of  the  placental 
structures  themselves.  We  do  not  know  how  much  carbohydrate 
material  finds  its  way  into  the  umbilical  vein ;  and  we  cannot 
therefore  slate  what  is  the  source  of  the  fcetal  glycogen;  but  it 
is  at  least  possible,  not  to  say  probable,  that  it  arises,  as  we 
have  reason  (p.  436)  to  think  it  may^  from  a  splitting  up  of 
pfoteid  material. 

Concerning  the  rise  and  development  of  the  functional  activi- 
ties of  the  embryo,  our  knowledge  is  almost  a  blank.  We  know 
scarcely  anything  about  the  various  steps  by  which  the  primary 
fiindaniental  qualities  of  the  protoplasm  of  the  ovum  are  differen- 
tisted  into  the  complex  phenomena  which  we  have  attempted  in 
this  book  to  expound.  We  can  hardly  state  more  than  that  while 
muscular  contractility  becomes  early  developed,  and  the  heart 
probably,  as  in  the  chick,  beats  even  before  the  blood-corpuscles 
arc  formed,  movements  of  the  fcetus  do  not,  in  the  human  subject, 
become  pronounced  until  after  the  fifth  month  ;  from  that  time 
forward  they  increase  and  subsequently  become  very  marked. 
They  are  often  spoken  of  as  reflex  in  character ;  but  only  a  pre- 
conceived bias  would  prevent  them  from  being  regarded  as  largely 
automatic  The  digestive  functions  are  naturally,  in  the  absence 
of  all  food  from  the  alimentary  canal,  in  abeyance.  Though 
pepsin  may  be  found  in  the  gastric  membrane  at  about  the  foiu-th 
month,  it  is  doubtful  whether  a  truly  peptic  gastric  juice  is  secreted 
during  intra-uterine  life ;  trypsin  appears  in  the  pancreas  some- 
what later,  but  an  amylolytic  erment  cannot  be  obtained  from 
that  organ  till  after  births  The  excretory  (unctions  of  the  liver 
are  developed  early,  and  about  the  third  month  bile-pigment  and 
btle-salts  find  their  way  into  the  intesrine.  The  quantity  of  bile 
secreted  during  intra  uterine  life,  accumulates  in  the  intestine  and 
especially  in  the  rectum,  forming,  together  with  the  smaller  secre- 
tion of  the  rest  of  the  canal,  and  some  desquamated  epithelium, 
the  BO-called  meconium.  Bile  salts,  both  unaltered  and  variously 
cJianged,  the  usual  bile  pigments,  and  cholesterin,  are  all  present 
in  the  meconium.  The  distinct  formation  of  bile  is  an  indication 
that  the  products  of  fcetal  metabolism  are  no  longer  wholly  carried 
off  by  the  maternal  circulation  ;  and  to  the  excretory  function 
of  the  liver  there  arc  now  added  those  of  the  skin  and  kidney. 
The  substances  escaping  by  these  organs  find  their  way  into  the 

'  Lui^endorfr,  ArrJi  /  jimaf.  m.  PAys.  (IMiy*.  Abth,)  1879,  p.  90.  Cf 
Moriggia*  Molcschott**  Untfrtmh,  xt.  (1875)  p.  455. 
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lacenta.  A  small  quantity  only  of  the  contents  of  the  right 
ventricle  tinds  it8  way  into  the  lungs.  Now  the  blood  which 
|i  comes  from  the  placenta  by  the  umbilical  vgin  direct  into  the 
I  right  auricle  is,  as  Cir  as  the  foetus  is  concerned,  arterial  blood ; 
^  and  the  portion  of  umbilical  blood  which  traverses  the  liver 
I  probably  loses  at  this  epoch  very  little  oxygen  during  its  transit 
through  that  gland,  the  liver  being  at  this  period  a  simple  excretory 
rather  than  an  actively  metabolic  organ.  Hence  the  blood  of  the 
inferior  vena  cava,  though  mixed,  is  on  the  whole  arterial  blood  | 
and  it  is  this  blood  which  is  sent  by  the  left  ventricle  through  the 
arch  of  the  aorta  into  the  carotid  and  subclavian  arteries.  Thus 
the  head  of  the  foetus  is  provided  with  blood  comparatively  rich 
in  oxygen.  The  blood  descending  from  the  head  and  upper  limbs 
by  the  superior  vena  cava  is  distinctly  venous ;  and  this  passing 
iiom  the  right  ventricle  by  the  ductus  arteriosus  is  driven  along  the 
descending  aorta,  and  together  with  some  of  the  blood  passing 
from  the  left  ventricle  round  the  aortic  arch  falls  into  the  umbilical 
arteries  and  so  reaches  the  placenta*  The  fcetaJ  circulation  then 
18  so  arranged,  that  while  the  most  distinctly  venous  blood  is 
driven  by  the  right  ventricle  back  to  the  placcnLito  be  oxygenatedi 
the  most  distinctly  arterial  (but  still  mixed)  blood  is  driven  by  the 
left  ventricle  to  the  cerebral  structures^  which  have  more  need  of 
oxygen  than  the  other  tissues.  In  the  later  stages  of  pregnancy 
the  mixture  of  the  various  kinds  of  blood  in  the  right  auricle 
increases  preparatory  to  the  changes  taking  place  at  birth.  But 
during  the  whole  time  of  intra-uterine  life  the  amount  of  oxygen 
in  the  blood  passing  from  the  aortic  arch  to  the  medulla  oblongata 
is  sufficient  to  prevent  any  inspiratory  impulses  being  originated 
in  the  mcdulUry  respiratory  centre.  This  during  the  whole  period 
elapsing  between  the  date  of  its  structual  establishment,  or  rather 
the  consequent  full  development  of  its  irritability,  and  the  epoch 
of  birth,  remains  dormant ;  the  oxygen-supply  to  the  protoplasm 
of  its  nerve-cells  is  never  brought  so  low  as  to  set  going  the 
respiratory  molecular  explosions.  As  soon  however  as  the  inter- 
course between  the  maternal  and  umbilical  biood  is  interrupted 
by  separation  of  the  placenta  or  by  ligature  of  the  umbilical  cord, 
or  when  in  any  other  way  blood  of  sufficiently  arterial  quality 
ceases  to  find  its  way  by  the  left  ventricle  to  the  medulla  oblongata, 
the  supply  of  oxygen  in  the  respiratory  centre  sinks,  and  when 
the  fail  has  reached  a  certain  point  an  impulse  of  inspiration  is 
generated  and  the  foetus  for  the  first  time  breathes.  Through 
this  first  inspiratory  movement  the  thorax,  by  an  upward  movement 
of  the  nbs,  is  permanently  enlarged,  and  the  lungs  assume  that 
condiliun  of  partial   distension  which  we   studied   (p.  330)  in 
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treating  of  respiration '.  When  the  first  breath  is  taken, « 
normal  circumstances  it  is,  with  free  access  to  the  atinosfibf^ 
lungs  become  filled  with  air,  and  the  scanty  supply  of  blood 
at  the  moment  was  passing  from  the  light  ventndc  alo^ 
pulmonary  artery  returns  to  the  left  auiicle  brighter  and  ' 
oxygen  than  ever  was  the  foetal  blood  l>elore.  With  llic 
of  resistance  in  the  pulmonary  circulation  caused  by  ihc 
of  the  thorax,  a  larger  supply  of  blood  passes  into  the 
artery  instead  of  into  the  ductus  arteriosus,  and  this  dama: 
the  contents  of  the  right  ventricle  increasing  with  the  cmii 
respiratory  movements,  the  current  through  the  bttcr  a 
last  ceases  altogether,  and  its  channel  shortly  after  birth  becfl 
obliterated.  Corresponding  to  the  greater  flow  into  the  pulm 
artery,  a  larger  and  larger  quantity  of  blood  returns  fn^m 
pulmonary  veins  into  the  left  auricle.  At  the  same  tim< 
current  through  the  ductus  venosus  from  the  umbilical  vein  hi 
ceased,  the  flow  from  the  iuferiar  cava  has  diminished  •  an 
blood  of  the  right  auricle  fmding  liide  resistance  in  the  dire 
of  the  ventricle,  which  now  readily  discharges  its  contents 
the  pulmonary  arler)'  (where  as  we  have  seen  (p.  i6i)  the  \ 
pressure  and  the  peripheral  resistance  are  very  low),  but  finds 
the  left  auricle,  which  is  continually  being  filled  from  the 
an  obstacle  to  its  passage  through  the  foramen  ovale,  c 
take  that  course,  and  the  foramen  speedily  becomes  clusc<l 
the  ({£13l\  circulation,  in  consequence  of  the  respiratory  raova^ 
to  which  its  interruption  gives  rise,  changes  its  course 
characteristic  of  the  adulL 

*  Bernstein,  Pfltige/s  ArcAh,  xvit,  (1878)  p.  617. 
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spite  of  the  increasing  distension  of  its  cavity,  the  uterus 
lains  quiescent,  as  far  as  any  marked  muscular  contractions 
concerned,  until  a  certain  time  has  been  run.  In  the  human 
jject  the  period  of  gestation  generally  lasts  from  275  to  280 
lys,  ue.  about  forty  weeks,  the  general  custom  being  to  expect 
irition  at  about  280  days  from  the  last  menstruation.  Seeing 
in  many  cases,  it  is  uncertam  whether  the  ovum  which  de* 
lopes  into  the  embryo  left  the  ovary  at  the  menstruation  prcced- 
ig  or  succeeding  coitus,  or,  as  some  have  urged,  independent  of 
lenstruation,  by  reason  of  the  coitus  itself,  an  exact  determination 
the  duration  of  pregnancy  is  impossible. 

In  the  cow  the  period  of  gestation  is  380  day%  in  the  mare  about 
\yOi  sheep  about  150  days,  dog  about  60  days,  rabbit  about  30  days. 

The  extrusion  of  the  foetus  is  brought  about,  partly  by  rhyth- 
mical contractions  of  the  uterus  itself,  and  partly  by  a  pressure 
exerted  by  the  contraction  of  the  abdominal  muscles,  similar  to 
that  descnbed  in  defaecatioo.  The  contractions  of  the  uterus  are 
the  first  to  appear,  and  their  first  effect  is  to  bring  about  a  dilation 
of  the  OS  uteri ;  it  is  not  till  the  later  stages  of  labour,  while  the 
fcetus  is  passing  into  the  vagina,  that  the  abdominal  muscles  are 
brought  into  play. 

The  whole  process  of  parturition  may  be  broadly  considered  as 
a  reflex  act,  the  nervous  centre  being  placed  in  the  lumbar  cord. 
In  a  dog,  whose  dorsal  cord  had  been  completely  severed  (see 
p*  619),  parturition  took  place  as  usual;  and  the  fact  thai»  in  the 
human  subject,  labour  will  progress  quite  naturally  while  the 
patient  is  unconscious  from  the  administration  of  chloroform, 
shews  that  in  woman  also  the  whole  matter  is  an  involuntary 
action,  however  much  it  may  be  assisted  by  direct  volitional 
efforts.  That  the  uterus  is  capable  of  being  thrown  into  con- 
tractions  iliiough    reflex    action,   excited   by   stimuli   applied   ta 
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various  afferent  nerves,  X5  well  known.     The  coQtiaction  tf  tt 
uterus,  which  is  so  necessary  for  the  prevendon  of  tuomGrti^ 
after  delivery,  raay  frequently  be  brought  about  by  pnssmtimii 
abdomen,  by  the  introduction  of  foreign   bodies  into  the  ta^jn^ 
and  especially  by  the  application  of  the  child  to  the  nipple,    te 
we  are  not  thereby  justified  in  considering  the  rhythmicaJ  txt 
tractions  of  the  uterus  during  parturition    as  simple  rcfia  icft 
excited  by  the  piresence  of  the  fostus.      We  are 
dark  as  to  why  the  uterus,  after  remaining  appar 
quiescent  (or  with  contractions  so  slight  as  to  be  w*ih  ois 
appreciated)  for  months,  is  suddenly    thrown    into   acdoD, 
within  it  may  be  a  few  hours  gets  rid  of  the  burden  it  has 
with  such  tolerance  for  so  long  a  time  ;  none  of  the  rariot 
theses  which  have  been  put  forward  can  be  considered 
factory.    And  until  wc  know  what  starts  the  active  phase, 
remain  in  ignorance  of  the  exact  manner  in  which  the  ii 
brought  about.     The  peculiar  rhythmic  character  of  the 
tions,  each  *pain'  beginning  feebly,  rising  to  a  maximu: 
declining,  and  finally  dying  away  altogether,  to  be  succ 
a  pause  by  a  similar  pain  just  like  itself,  pain   following  pam 
the  tardy  long-drawn  beats  of  a  slowly  beating  heart,  suggests 
the  cause  of  the  rhythmic  contraction  is  seated,  like  that  oi 
rhythmic  beat  of  the  heart,  in  the  organ  itself.      And  this  view 
supported  by  the  fact  that  contractions  of  the   uterus,  similar 
those  of  parturition,  have  been  obs*:rved  in   animals   ^ 
complete   destruction   of  the  spinal  cord,       Neverthek 
evidence  supports  the  conclusion  that,  in  a  normal  state  t>i 
at  all  events,  the  contractions  of  the  uterus  like  those  of  the  lynij 
hearts,  are  largely  dependent  on  the  spinal  cord. 

The  action  of  the  abdominal  muscles,  on  the  other  hand 
obviously  a  reflex  act  carried  out  by  means  of  the  spinal  canl, 
necessary  stimulus  being  supplied  by  the  pressure  of  the  fceius 
the  vagma,  or  by  the  contractions  of  the  uterus*  Hence 
whole  act  of  parturition  may  with  reason  be  considered  as  a  ttA 
one. 

Whether  it  be  wholly  a  reflex  or  partly  an  automatic  one,  the 
act  can  readily  be  inhibited  by  the  action  of  the  ceniml  nervoitf 
system.  Thus  emotions  are  a  very  frequent  cause  of  ehc 
gress  of  parturition  being  suddenly  stopped;  as  is  well  kn 
the  entrance  into  the  bed-room  of  a  stranger  often  causes  for 
time  the  sudden  and  absolute  cessation  ol  *  labour  *  pains,  whidi 
previously  may  have  been  even  violent  Judging  from  the  anakify 
of  micturition,  between  which  and  parturition  (here  are  cnaojr 
points  of  resemblance^  we  may  suppose  that   this  inhibition 
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■terine  contractions  is  brought  about  b^  an  inhibition  of  the 
■entre  in  the  lumbar  cord. 

■  Experimental  investigations  into  the  movements  of  the  uterus  have 
Been  c;irricd  out  chicHy  on  rabbits  and  dogs.  In  these  animals,  rhytb- 
■kical  contracUons  may  occur  sponcineously  or  be  induced  by  direct 
Itiinulationafccr  the  connections  of  the  uterus  with  the  gencnil  nen'ous 
^stem  have  been  entirely  severed.  The  application  of  the  inierruptcd 
Eirrent  produces  a  local  contraction  frequently  accompanied  or  foj* 
■owed  by  a  general  movement  of  the  whole  organ,  This  general 
■Eiovcmenc  may  fail  to  make  its  appearance  especially  in  an  unim,- 
Bfegnated  uterus  (and  indeed  the  results  of  stimulating  the  uterus 
■rhcther  directly  or  indirectly  arc  for  some  reason  or  other  remarkably 
Biconstant)  •  where  it  does  occur^  it  possesses,  like  an  artifit-'ially  pro- 
■llced  he;m'beat  (p.  1S6),  ch:iracters  resembling  those  of  a  reflex  act. 

■  Rliylhmical  contractions  of  the  uterus  may  be  induced  by  directly 
■timulating  the  spinal  cord  along  any  part  of  its  course  from  the 
fcedulla  oblongata  to  the  lumliar  region,  as  well  as  in  a  retlcx  manner 
By  stimulation  of  the  central  ends  of  various  spinal  nerves'.  Siimuli- 
Bon  of  the  cerebellum,  crura  cerebri,  and  other  parts  of  the  brain  as 
nigh  up  as  the  corpora  striata  and  optic  thalami,  will  also  give  rise  to 
Btenne  contractions  *. 

I     The  movements  brought  about  by  direct  electric  stimulation  of  the 
Beolral  nervous  system  are  more  energetic  when  the  electrodes  are 
■pplied  low  down,  near  the  lumbar  region  of  the  cord,  than  when  they 
fcrc  applied  high  up,  and  such  contractions  as  are  caused  by  direct 
■timuiation  of   various  parts  of  the  brain  are  comparatively  feeble. 
When  the  cord  is  divided  at  the  level  of  the  tcnili  dorsal  vcrlebra, 
btimulation  of  the  cord  above  the  section  gives  rise  to  no  movement'. 
Tlicsc  fact4  support  the  conclusion  that  the  uterine  centre  is  plnccd  in 
the  lumb^ir  spin  il  cord,  and  that  the  movements  witnessed  when  parts 
higher  up  ure  stimulated  are  due  to  the  lumbar  centre  being  thus  in- 
directly stimulated.      Rohrig  finds  that   reflex  movements  arc  more 
easily  induced  by  central  stinmlation  of  the  sciatic  or  crural  than  of 
the  brachial  or  other  nerves  of  the  anterior  part  of  the  body ;  and 
especially  energetic  movements  arc  witnessed  when  the  central  ends 
of    the  ovarian   nerve i    are  stimulated.     TTie  same  observer  states 
that  the  contractions  of  the  uterus  which  (in  urarized  unimpregnated 
rabbits)  are  brought  about  by  an  asphyxiated  condition  of  the  blood, 
by  compression  of  the  aorta^  by  strychnia,  picrotoxin  and  ergoiin,  fail 
to  appear  if  the  lumbar  cord  be  previously  destroyed.     These  agents 
therefore  he  considers  produce  their  etTect  by  acting  not  directly  on 
tlie  uterus  but  on  the  lumbar  centre.     The  injection  of  amnjonia,  or 
ammonia  s.dts,  into  the  blood  gives  rise  to  energetic  movements  even 
after  complete  destruction   of  the  central  nervous  system.      Other 

*  Sch!c»jftg<^r,  H'icH.Mixi.  TaJkrt,  u  (1873)  Hft.  4.  Cyon,  Pfltor's  Wit4#p. 
VI It*  (1^74^  >49.  Hv^oh  and  liofmAnn,  PVttn,  Mm  Jt^Ark.  1877,  lilt*  4. 
Rohrig,  Viri.how*s  Arckiv^  Bd.  76  (1S79),  p.  I. 
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observers  have  seen  contractions  resalt  from  asphyuA  ite  rcosii 

of  the  spinal  centre. 

Basch  and  Hofmann'  distingtaish,  in  the  dog,  two  padit 
whicli  efferent  impulses  may  pass  from  the  central  nerroas  sjsi 
the  uterus;  one,  a  sympathetic  tract,  consisting  of  nerves  posui^ 

^  infenor  mesenteric  ganglion  (lying  in  the  dog  at  the  eviren^  cl 
oi  the  aorta)  to  the  hypogastric  plexus,  and  the  other,  a  ; 
consisting  of  branches  passing  from  the  sacral  nerves  acni- 
to  the  same  plexus,  and  being  the  representatives  ic  tb;  !   .. .: 
Eckhard's  nervi  erigentis  in  the  male  (see  p.  215)1      Stn^^i      ■- 
former  produces  contractions  of  the  uterus  chiefly  cir 
with  descent  of  the  cervix,  and  dilation  of  the  os  ;  wl 
stimulated,  the  uterus  is  shortened,  as  if  by  long^it     ' 
the  cervix  ascends,  and  the  os  is  clo*>ed.     Both  m. 
take  part  in  a  contraction  brought  about  in  a  reri-^^  tn.muLt. 
one  tract  is  divided,  the  results  of  reflex  stimulation  resembie 
direct  stimulation  of  the  other  tract.     When   both  tra'^<  ^t" 
stimulation  of  the  central  end  of  a  spinal  nerve,  sudi 
without  effect*     The  sacral  ner\'es  sharing  in   this   ^, 
branches  from  the  first,  second,  and  occasionally  the  third, 
also  finds  (in  the  rabbit)  two  efferent  paths  from  the  spinal  cord  Ml 
uterus,  viz.  the  uterine  (sympathetic)  and  the  sacral  (spinal)  j 
but  he  makes  no  marked  distinction  of  character  between  tni 
r^ards  both  sets  of  ner\'es  as  containing  also  afferent  fibres, 
and  Hofmann  further  assert  that  the  sympathetic  tract  cont-iitjs  rt^- 
constrictor  and  the  spinal  tract  vasodilator  nerves,  both  of  which  tr^ 
be  thrown  into  action  in  a  reflex  manner,  the  former.  howFc^tr.  t>^ 
readily  than  the  btter.      The  occurrence  of   conim-:!-    -  :-« 

quence  of  an  asphyxiated  condition  of  the  blood,  ex,.  n^- 

pregnant  animals  are  asphyxiated,  an  extrusion  of  the  fu^.  .  ,  .  ...^.iczi'.t 
takes  place.     There  is  no  e\ndence,  however,  that  the  onset  of  Ub« 
is  caused  by  a  gradual  diminution  of  oxygen  in  the  blood    rri  hn    z 
last  to  a  climax.     Nor  are  there  sufficient  facts  to  connect 
with  any  condition  of  the  ovary  resembling  that  of  menstru 

After  the  expulsion  of  the  foetus,  the  fcetal  placenta  sepanu 
from  the  uterine  walls,  and  is,  together  with  the  remnants  of  tKe 
membranes,  expelled  after  it.     The  uterus  then   falls   into  a  firm 
tonic  contraction,  similar  to  that  of  the  emptied  bladder,  by 
means   haemorrhage   from    the  vessels  torn  by  the  separalio; 
the  placenta  is  avoided.     The  lining  membrane  of  the   uterus 
gradually  restored,  the  muscular  elt-ments  are  reduced  by  a 
fatty   degeneration,  and    in  a  short  time  the  whole    or^n 
returned  to  its  normal  condition. 


*  Clf.iii. 
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CHAPTER  V. 

THE  PHASES  OF  LIFE. 

The  child  has  at  birth,  on  an  average,  rather  less  than  one-third 
the  maximum  length,  and  about  one-tweniicth  the  maximum 
weight,  to  which  in  future  years  it  will  attain. 

The  composition  of  the  body  of  the  new-born  babe,  as  com- 
pared with  that  of  the  adult,  will  be  seen  from  the  following 
lble,»   in  which   the   details  are   more    full    than  those    given 

P-  455  • 
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II  will  be  observed  that  the  brain  and  eyes  are,  relatively  to 
the  whole  body-weight,  very  much  larger  in  the  babe  than  in  the 
adult,  as  is  also,  though  to  a  less  extent,  the  liver.  This  dispro- 
portion is  a  very  marked  embryonic  feature,  and  as  far  as  the 
brain  and  eye  are  concerned  at  least,  has  a  morphological  or 
phylogenic,  as  well  as  a  physiological  or  teleological,  significance. 
Inasmuch  as  the  smaller  body  has  relatively  the  larger  surface,  the 
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skxxi  is  naturally  proportionately  greater  in  the  babe,    lib 
by  the  acciimulation   of  muscle  or  flesh,   properly  so  called, 
the  child  acquires  the  bulk  and   weight  of  the  nuio,  titc 
framework,  in  spite  of  its  being  specifically   lighter  in  its 
cartilaginous   condition,   maintaining    throughout  Uric  aiioa 
same  relative  weight. 

The  increase  in  stature  is  very  rapid  in  early  mhacf^  pefl 
ing  however  by  decreasing  increments,  Accoixiing  la  Qb^ 
there  is  a  gain  in  height  of  about  20  centimetres  durbg  th 
year,  the  50  cm,  babe  enlarging  to  the  70  cnv  infant  0^ 
old;  of  about  9  during  the  second^  of  about  7  during  ibe 
of  about  6|  for  the  fourth,  and  so  on,  decreasing  10  ndher 
6  for  the  succeeding  ten  or  twelve  years.  During  or 
before  puberty,  there  is  again  a  somewhat  sudden  rise,  ' 
subsequent  more  steady  but  diminishing  increase  up  to  abd 
twenty-fifth  year.  From  thence  to  about  fifty  years  of 
height  remains  stationary,  after  which  there  may  be  a  de 
especially  in  extreme  old  age. 

The  increase  in  weight  is  also  very  rapid  at  first,  and 
ing,  like  the  height,  with  diminishing  increments,  may 
till  about  the  fortieth  year.  After  the  sixtieth  year  a  dec 
variable  extent  is  generally  witnessed.  It  is  a  remarkab 
however,  that  in  the  first  few  days  of  life,  so  far  from  then 
an  increase,  there  is  an  actual  decrease  of  weight,  so  that 
to  Quetelet,  even  on  the  seventh  day  the  weight  still  coDcil 
be  less  than  at  birth. 

The  saliva  of  the  babe  is  active  on  starch,  and  its 
juice  has  good  peptic  powers,  from  which  we  rnay  infer  I 
digestive  processes  in  general  are  identical  with  that  of  the 
but  the  faeces  of  the  infant  contain,  besides  a  considerable  at 
of  undigested  food  (fat,  casein,  &c.),  tmaltered  bile-pigmca 
imdecomposed  bile  salts. 

According  to  Hammarsten'  the  gastric  juice  of  oew-born  p| 
though  sufticientl)  acid  to  curdle  milk,  docs  not  contain  pepsin, 
laaic  acid  ferment  ;  it  is  not  till  the  third  week  that  peptic  di| 
is  setup,  the  ca&ein  previously  taken  being  digested  by  the  pan 
fuice ;  in  young  rabbit*  it  appears  a  week  earlier.  Like  Zt 
Hammartjten  however  found  pepsin  in  the  stomach  of  the  nei 
babe.  Zweifel  states  that  the  pancreatic  juice  in  children^ 
active  on  &t  and  proteids  from  the  first,  is  inert  towards  stai 

*  JPAysifur  Soi-ia/f  (JS69)  Jl.  p.  13. 

•  Ludwig's  fat^ik&€  (1S74)  p.  116. 
3  Umiersmk,  u,  d,  VerdamutigM^jfafat  d»  //tt^d^rm^m,  1S74. 
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the  first  two  months  ;  and  that  the  ainylol3ftic  ferment  is  for  the  same 
pericMl  absent  from  the  submaxillary,  though  present  in  the  parotid 
saliva, 

Tlie  heart  of  the  babe  (see  Table,  p.  707)  is,  relatively  to  its 
body- weight,  larger  than  the  adult,  and  the  frequency  of  the 
heart-beat  much  greater,  viz.  about  130  or  140  per  minute,  falling 
to  about  1 10  in  the  second  year,  and  about  90  in  the  tenth  year. 
Corresponding  to  the  smaller  bulk  of  the  body,  the  whole  circuit 
of  the  blood  system  is  traversed  in  a  shorter  time  than  in  the 
adult  (12  seconds  as  against  22)  * ;  and  consequently  the  renewal 
of  the  blood  in  the  tissues  is  exceedingly  rapid.  The  respiration  of 
the  babe  is  quicker  than  that  of  the  adult,  being  at  first  about  35 
per  minute,  falUng  to  28  in  the  second  year,  to  26  in  the  fifth 
year»  and  so  onwards.  The  respiratory  work,  while  it  increases 
absolutely  as  the  body  grows,  is,  relatively  to  the  body- weight, 
greatest  in  the  earlier  years.  It  is  worthy  of  notice,  that  the  ab- 
sorption of  oxygen  is  said  to  be  relati\ely  more  active  than  the 
production  of  carbonic  acid ;  that  is  to  say,  there  is  a  continued 
accumulation  of  capital  in  the  form  of  a  store  of  oxygen-holding 
explosive  compounds  (see  p.  367).  This,  indeed,  is  the  striking 
feature  of  infant  metabolism.  It  is  a  metabolism  directed  largely 
to  constructive  ends.  The  food  taken  represents,  undoubtedly, 
so  much  potential  energy ;  but  before  that  energy  can  assume  a 
vital  mode,  the  food  must  be  converted  into  tissue ;  and,  in  such 
a  conversion,  morphological  and  molecular,  a  large  amount  of 
energy  must  be  expended.  The  metabolic  activities  of  the  infant 
are  more  pronounced  than  those  of  the  adult,  for  the  sake,  not  so 
much  of  energies  which  are  spent  on  the  world  without,  as  of 
energies  which  are  for  a  while  buried  in  the  rapidly  increasing 
mass  of  flesh.  Thus  the  infant  requires  over  and  above  the  wants 
of  man,  not  only  an  income  of  energy  corresponding  to  the  energy 
of  the  flesh  actually  laid  on,  but  also  an  income  corresponding 
to  the  energy  used  up  in  making  that  living  sculptured  flesh  out 
of  the  dead  amorphous  proteids,  fats,  carbohydrates  and  salts, 
which  serve  as  food,  Over  and  above  this,  the  infant  needs  a 
more  rapid  metabolism  to  keep  up  the  normal  bodily  tempera- 
ture. This,  which  is  no  less,  indeed  slightly  ('5")  higher,  than 
that  of  the  adult,  requires  a  greater  expenditure,  inasmuch  as  the 
Infant  with  its  relatively  far  larger  surface,  and  its  extremely  vas- 
cular skin,  loses  heat  to  a  proportionately  much  greater  degree  than 
does  the  grown-up  man.  It  is  a  matter  of  common  experience 
that  children  are  more  affected  by  cold  than  are  adults, 

■  Vrcrordt,  <f,  eii. 
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This  rapid   metabolism  is    however   maxilfest 
birth.     Dunng  the  first  few  days,  corresponding  to  ibe  hsid 
mentioned  above,  the  respiratory  activities  of  the 
the  embryonic  habits  seem  as  yet  not  to  have  been  conkpleGcif  i 
offf  itnd.   as   was    stated   on   p.    590^    new- bora    AQit&kis  bui 
impunity  a  deprivation  of  oxygen  which  wouid  be  ^taitotixaisi 
on  in  life* 

The  quantity  of  urine  passed,  though  scanty  in  the  finfi  M 
days,  rises  rapidly  at  the  end  of  the  first  week,  and  m  ymibil 
quantity  of  unne  passed  is,  relatively   to  the  body-wet^*,  lap 
than   in    adult  life.     This  may  be,  at    least   m  qtritc  oAf  m 
partly  due  to  the  more  liquid  nature  of  the  food,  but  is  its  t 
part  the  result  of  the  more  active  metabolism.      Foe  not 
the  quaniit)^  of  urine  passed,  but  also    the  amount  of 
some  other  urinary  constituents  excreted,  relatively  to  tfie 
weight,  greater  in  the  child  than  in  the  adult.      The  pnuxi 
uric,  of  oxalic,  and,  according  to  some,  of  hippuric  adds 
usual  quantities  is  a  frequent  characteristic  of  the  urine  of 
It  is  stated  that  calcic  phosphates,  and  indeed    the  ph 
generally,  are  deficient,  being  retained  in  the  body  for  the 
up  of  the  osseous  skeleton. 

Associated  probably  with  these  constmctive  labourt  tif  ^ 
growing  frame  is  the  prominence  of  the  lymphatic  system  Xi 
only  are  the  lymphatic  glands  largely  developed  and  morr  »rt<ir 
(as  is  probably  shewn  by  their  tendency  to  disease  in  ^ 
the  quantity  of  lymph  circulation  is  greater  than  in  L 
Characteristic  of  youth  is  the-  size  of  the  thymus  bodv,  miid 
increases  up  to  the  second  year,  and  may  then  remain  for  a  wtiu? 
stationary ;  but  generally  before  puberty,  has  suffered  4  rtS^ 
gressive  metamorphosis,  and  frequently  hardly  a  vestige  flf  i 
remains  behind.  The  thyroid  body  is  also  relatively  gr«rter« 
the  babe  than  in  the  adult ;  the  spleen,  on  the  other  ?i;>n*l  nh'/-^ 
grows  rapidly  in   early  infancy,  is  not  only  absolu 

relatively,  greater  in  the  adult.     It  need  hardly  be  ..^.^  ., 

recuperative  power  of  infancy  and  early  youth  is  very  marked. 

It  would  be  beyond  the  scope  of  this  work  to  enter  inlfl>  A 
psychical  condition  of  the  babe  or  the  child,  and  our  knowlcnl^ 
of  the  details  of  the  working  of  the  nervous  system  in  tnfaffcy 
is  loo  meagre  to  permit  of  any  profitable  discussion.  It  is  Mx^ 
of  use  to  say  that  in  the  young  the  whole  nervous  system  is 
irritable  or  more  excitable  than  in  later  years  ;  by  which  we 
bably  to  a  great  extent  mean  that  it  is  less  rigid,  less  mar 
into  what,  in  preceding  portions  of  this  work,  we  have 
as  nervous  mechanisms.     It  may  be  mentioned  that,  w 
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to  SoUmann",  stiraulation  of  Hitzig's  cerebral  areas,  in  new-bom 
animals,  does  not  give  rise  to  the  usual  localised  movements. 
The  sense  of  touch,  both  as  regards  pressure  and  temperature, 
appears  well  developed  in  the  infant,  as  does  also  the  sense  of 
taste,  and  possibly,  though  this  is  disputed,  that  of  smell.  The 
pupil  (larger  in  the  infant  than  in  the  man)  acts  fully^  and  Donders* 
observed  normal  binocular  movements  of  the  eyes  in  an  infant 
Jess  than  an  hour  old.  The  eye  is  (in  man)  from  the  outset  fully 
sensitive  to  light,  though  of  course  visual  perceptions  are  imper- 
fect. As  regards  hearing,  on  the  other  hand,  very  little  reaction 
follows  upon  sounds,  i.if.  auditory  sensations  seem  to  be  dull 
durii"»g  the  first  few  days  of  life ;  this  may  be  partly  at  least  due 
to  absence  of  air  from  the  tympanum  and  a  tumid  condition  of 
the  tympanic  mucous  membrane.  As  the  child  grows  up  his  senses 
rapidly  culminate,  and  in  his  early  years  he  possesses  a  general 
acuteness  of  sight,  hearing,  and  touch,  which  frequently  becomes 
blunted  as  his  psychical  life  becomes  fuller.  Children  however 
are  saiit  to  be  less  apt  at  distinguishing  colours  than  in  sighting 
objects ;  but  it  does  not  appear  whether  this  arises  from  a  want 
of  perceptive  discriminaiion  or  from  their  being  actually  less 
sensitive  to  variations  in  hue.  A  characteristic  of  the  nervous 
iiystem  in  childhood,  the  result  probably  of  the  more  active 
metabolism  of  the  body,  is  the  necessity  for  long  or  frequent 
and  deep  slumber. 

Dentition  marks  the  first  epoch  of  the  new  life.  At  about 
seven  months  the  two  central  incisors  of  the  lower  jaw  make  their 
way  through  the  gum,  followed  immediately  by  the  corresponding 
teelh  in  the  upper  jaw.  The  lateral  incisors,  first  of  the  lower 
and  then  of  the  upper  jaw,  appear  at  about  the  ninth  month,  the 
first  molars  at  about  the  twelfth  month,  the  canines  at  about  a 
year  and  a  half,  and  the  temporar>'  dentition  is  completed  by  the 
appearance  of  the  second  molars  usually  before  the  end  of  trie 
second  year. 

About  the  sixth  year  the  permanent  dentition  commences  by 
the  appearance  of  the  first  permanent  molar  beyond  the  second 
temporary  molar;  in  the  seventh  year  the  central  permanent 
incisors  replace  their  temporary  representatives,  followed  in  the 
xt  year  by  the  lateral  incisors.  In  the  ninth  year  the  temporary 
t  molars  are  replaced  by  the  first  bicuspids,  and  in  the  tenth 
year  the  second  temporary  molars  arc  similarly  rejjlaced  by  the 
second  bicuspids.     The  canines  are  exchanged  about  the  eleventh 

•  CiHiri>It.  Mid.  Wiss.  l»75»P-209'    Tahrb.f,  KindtrhHlkHndt\x.{,i%'i^) 
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sexes,  hitherto  merely  potential,  now  becc 
both  se\es  the  maturation  of  the  generative 
by  the  well-known  changes  in  the  bocly  at 
are  much  more  characteristic  in  the  typical 
aberrant  male.  Though  in  the  boy,  the  breal 
the  rapid  growth  of  the  beard  which  accom 
of  active  spermatozoa,  are  striking  features, 
superficiaL  The  curves  of  his  increasing  we 
of  the  other  events  of  his  economy,  purstie  i 
unchanged  course;  the  boy  does  not  becoi 
years  after  puberty  ;  and  the  decline  of  his  fts 
so  gradual  that  frequently  it  ceases  only  when 
to  a  ripe  old  age.  With  the  occurrence  of  i 
other  hand,  at  from  thirteen  to  seventeen  y 
almost  at  once  becomes  a  woman,  and  her 
hood  ceases  suddenly  at  the  climacteric  in  t 
During  the  whole  of  the  child-bearing  period 
a  comparatively  stationary  condition.  VVhih 
puberty  up  to  about  the  eleventh  or  twelfth  yc 
and  shorter  than  the  boy  of  the  same  age,  in 
lier  rale  of  growth  exceeds  his'  ;  but  she  has 
her  maximum,  while  he  continues  to  grow.  J^. 
from  the  nineteenth  year  onward  to  the  c 
stationary,  being  fallowed  subsequently  by  a  h 
while  the  man  reaches  his  maximum  of  weight 
woman  is  at  her  greatest  weight  about  fifty'. 
Of  the  statical  ditferences  of  sex,  some,  stM 
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in  the  case  of  the  former  being  from  1*444  to  1740  metres  of 
height  and  from  39-8  and  93*8  kilos  of  weight,  in  thtf  latter  from 
1*467  to  1*890  of  height,  and  from  49-1  to  98  5  kilos  of  weight'. 
The  muscular  system  and  skeleton  are  both  absolutely  and  rcla- 
tively  less  in  woman,  and  her  brain  is  lighter  and  smaller  than  that 
of  man,  being  about  1272  grammes  to  1424,  Her  metabolism,  as 
measured  by  the  respiratory  and  urinary  excreta,  is  atso  not  only 
absolutely  but  relatively  to  the  body- weight  less,  and  her  blood  is 
not  only  less  in  quantity  but  also  of  lighter  specific  gravity  and 
contains  a  smaller  proportion  of  red  corpuscles.  Her  strength  is 
to  that  of  man  as  about  5  to  9,  and  the  relative  length  of  her  step 
as  1000  to  1 157. 

From  birth  onward  (and  indeed  from  early  intra-uterine  life) 
the  increment  of  growth  progressively  diminishes.  At  last  a 
point  is  reached  at  which  the  curve  cuts  the  abscissa  line,  and 
the  increment  becomes  a  decrement.  After  the  culmination  of 
manhood  at  forty  and  of  womanhood  at  the  climacteric,  the  prmie 
of  life  declines  into  old  age.  The  metabolic  activity  of  the  body, 
which  at  first  was  sufficient  not  only  to  cover  the  daily  waste,  but 
to  add  new  material,  later  on  is  able  only  to  meet  the  daily  wanls^ 
and  at  last  is  too  imperfect  even  to  sustain  in  its  entirety  the 
existing  frame.  Neither  as  regards  vigour  and  functional  capacity, 
jjor  as  regards  weight  and  bulk,  do  the  turning-points  of  the 
several  tissues  and  organs  coincide  eitlier  with  each  other  or  with 
that  of  the  body  at  large.  We  have  already  seen  that  the  life  of 
such  an  organ  as  the  thymus  is  far  shorter  than  that  of  its  pos- 
sessor. The  eye  is  in  its  dioptric  prime  in  chiliJhood,  when  its 
media  are  clearest  and  its  muscular  mechanisms  most  mobile,  and 
then  it  for  the  most  part  serves  as  a  toy  ;  in  later  years,  when  it 
could  be  of  the  greatest  service  to  a  still  active  brain,  it  has 
already  fallen  into  a  clouded  and  rigid  old  age.  The  skeleton 
reaches  its  limit  very  nearly  at  the  same  time  as  the  whole  frame 
reaches  its  maximum  of  height,  the  coalescence  of  the  various 
epiphyses  being  prett>'  well  completed  by  about  the  twenty-fifth 
year.  Similarly  the  muscular  system  in  its  increase  tallies  with 
the  weight  of  the  whole  body.  The  brain,  in  spite  of  the  in- 
creasing complexity  of  structure  and  function  to  which  it  continues 
to  attain  even  in  middle  life,  early  reaches  its  limit  of  bulk  and 
weight  At  about  seven  years  of  age  it  attains  what  may  be  con- 
sidered as  its  first  limit,  for  though  it  may  increase  somewhat  up 
to  twenty,  thirty,  or  even  later  years,  its  progress  is  much  more 
slow  after  than  before  seven.  The  vascular  and  digestive  organs 
M  a  whole  may  continue  to  increase  even  to  a  very  late  period. 
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From  these  facts  it  is  obvious  that  though  the  phcn( 
age  are,  at  bottom,  the  result  of  the    indtvidual  tSt 
several  tissues,  they  owe  many  of  their  feanires  to  the 
ment  of  the  whole  organism  produced  by  the  prcmaiuf 
disappearance  of  one  or  other  of  the  constituent 
Thus,  for  instance,  it  is  clear  that  were   there  no 
limit  to  the  life  of  the  muscnlar  and  nervous   syst< 
nevertheless  come  to  an  end  in  consequence  of  the 
turbances  caused  by  the  loss  of  the  teeth.      And  what  is  ^ 
teeth  is  probably  true  of  many  other    organs,  with  ihe^ 
that  these  cannot,  like  the  teeth,  be  replaced    by  mcch; 
trivances.     Thus  the  temi  of  life  which  is  allotted  to  ai 
virtue  of  its  molecular  constitution,  and  which  it  could 
tvere  it  alw^ays  placed  under  the  most    favourable   nul 
(litions,  is,  in  the  organism,  determined    by  the   sLi 
of   other  tissues ;    the   future   decline   of  the    brain  i9 
involved  in  the  early  decay  of  the  thymus. 

Two  changes  characteristic  of  old  age  are  the 
careous  and  fatty  degenerations.     These  are  seen  in  a 
typical  form  in  cartilage,  as,  for  instance,  in  the  ribs" 
protoplasm  of  the  cartilage-corpuscle  becomes   hardly 
an  envelo[)e  of  fat  globules,  and  the  supple  matrix  it 
rigid  with   amorphous  deposits   of  calcic   phosphates^ 
bonates,  which  are  at  the  same  dme  the  signs   of 
cause  of  future  nutntive  decline.     And  what   is   obv 
case  of  cartilage  is  more  or  less  evident  in  other  tissui 
where  we  see  a  disposition  on  the  part  of  protoplasm  to 
upon   the  easier  task  of  farming  fat  rather  than   to  cam- 
more   arduous  duty  of  manufacturing  new   material    Im 
ever}^where  almost  we  see  a   tendency  to  the  replaced^ 
structured  matrix  by  a  deposit  of  amorphous  uriateriaL 
part  of   the  system  is   this  more  evident    than   in   the  ai 
one   common  feature  of   old    age  is  the  conversion    by 
change  of  the  supple  elastic  tubes  into  rigid   channel 
the  supply  to  the  various  tissues  of  nutritive  material   is 
increasingly  more  difficult,  and  their  intrinsic  decay  proj 
hurried. 

Of  the  various  tissues  of  the  body  the  muscular  aiK 
are  however  those  in  which  functional  decline,  if  not 
decay,  becomes  soonest  apparent.  The  dynamic 
of  the  skeletal  muscles  diminishes  rapidly  after  thirty  oi 
years  of  life,  and  a  similar  want  of  jjower  comes  over  th< 
muscular  fibres  also ;  the  heart,  though  it  may  not  dimia 
even  may  still  increase  in  weight,  possesses  less  and 
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and  the  movements  of  ihe  intefitinc^  bladder,  and  olher  organs, 
diminish  in  vigour.     In   the  nervous  system,  the  lines  of  resist- 
ance, whicbf  as  we  have  seen,  help  to  map  out  the  central  organs 
into  mechanisms,   and   so   to   produce   its  multifarious  actions, 
become  at  last  hindrances  to  the  passage  of  nervous  impulses 
in  any  direction,  while  at  the  same  time  the  molecular  energy  of 
the  impulses  themselves  becomes  less.     The  eye  becomes  feeble, 
not  only  from  cloudiness  of  the  media  and  presbyopic  muscular 
,  jpaibility,  but  also   from  the  very  bluntness  of  the   retina ;    the 
hnensory  and  motor  impulses  pass  with  increasing  slowness  to  and 
^Bom  the  central  nervous  system,  and  the  brain  becomes  a  more 
^■id  more  rigid  mass  of  protoplasm,  the  molecular  lines  of  which 
lather  mark  the  history  of  past  actions  than  serve  as  indications 
rof  present  potency.     The  epithelial  glandular  elements  seem  to 
I    be  those  whose  powers  are  the  longest  preserved  ;  and  hence  the 
man  who  in  the  prime  of  his  manhood  was  a  *  marl>T  to  dys- 
pepsia '  by  reason  of  the  sensitiveness  of  his  gastric  nerves  and 
the  reflex  inhibitor)'  and   other  results  of  their  irritation,  in  his 
later  years,  when  his  nerves  are  blunted,  and  when  therefore  his 
peptic  cells  arc  able  to  pursue  their  chemical  work  undisturbed  by 
extrinsic  nervous  worries,  eats  a(id  drinks  with  the  courage  and 
success  of  a  boy. 

Within  the  range  of  a  lifetime  are  comprised  many  periocis  of 
a  more  or  less  frequent  recurrence.     In  spite  of  the  aids  of  a  com- 
plex civilisation,  all  tending  to  render  the  conditions  of  his  life 
more  and  more  equable,  man  still  shews  in  his  economy  the  effects 
of  the  seasons.     Some  of  these  are  the  direct  results  of  varying 
temperature,  but  some  probably,  such  as  the  gain  of  weight  in 
winter  and  the  loss  in  summer,  are  habits  acquired  by  descent. 
Within  the  year,  an  approximately  monthly  period  is  roaiiifesied 
■in  the  female  by  menstruation,  though  there  is  no  exact  evidence 
Pfef  even  a  latent  similar  cycle  in  the  male.     The  phenomena  of 
recurrent  diseases,  and  the  marked   en  deal  days  of  many  other 
maladies,  may  t>e  regarded  as  pointing  to  cycles  of  smaller  dura- 
tion than  that  of  the  moon's  revolution,  unless  we  admit  the  vicTV 
urged  by  some  authors  that  in  these  cases  the  recurrence  is  to  be 
natlributed  rather  to  periodical   phases  in  the  disease-producing 
»  germ  itself,  than  to  variations  in  the  medium  of  the  disease. 

Prominent  among  all  other  cyclical  events  is  the  fact  that  all 
anitnals  possessing  a  well-developed  nervous  system,  must,  night 
after  night,  or  day  after  day,  or  at  least  lime  after  lime,  lay  tiictii 
down  to  sleep.  The  salient  feature  of  sleep  is  the  cessation  of 
ihe  automatic  activity  of  the  brain  ;  it  is  the  diastole  of  the 
cerebral  beaL     But  the  condition  is  not  confined  to  the  cerebral 
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Structures  ;  indeed  the  activity  of  the  whole 
some  respects  almost  to  actual  arrest.  At 
the  labour  of  the  cerebral  molecules  bccd 
develope  consciousness,  the  respiratory  ce 
quiescent  or  discharges  feeble  impulses  at  rai 
heart  beats  with  a  slow  infrequent  stroke,  n 
inhibitory  restraint,  but  because  its  very  si 
molecular  travail  can  gather  head  for  exploj 
pauses  of  rest.  And  such  few  and  distant  b 
amply  sufficient  to  meet  the  needs  of  the  fi 
the  several  tissues.  The  sleep  of  every  d^ 
sleep  of  winter-cold  chiefly  because  the  slack 
activities  is  due  in  the  former  not  to  exirin 
causes,  not  to  changes  in  the  medium,  but  u 
subject,  and  because  the  phenomena  are  lat^ 
cerebral  hemispheres.  It  is  true  that  the  w 
the  condition  j  the  pulse  and  breathing  are  i 
and  other  internal  muscular  mechanisms  are  1 
the  secreting  organs  are  less  active,  and  the 
and  the  dependent  temperature  of  the  body 
cannot  say  at  present  how  far  these  are  the  tin 
condition  of  the  nervous  system,  or  how 
partial  slumbering  of  the  several  tissues. 

According  to  Mosso*  thoracic  respiration  bee 
than  diaphragmatic  respiration  during  sleep,  and 
rhythm  of  respiration  (see  p.  378)  is  fiequently 
sleep  the  pupil  is  contracted,  during  deep  sleep 
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itinuiilly  executing  during  sleep  movements^  often   irregular  and 
lymnietrical  ani  unaccompanie<l  by  ch  mgcs  in  the  pupils. 

We  are  not  at  present  in  a  position  to  trace  out  the  events 
lich  culminate  in  this  inactivity  of  the  cerebral  structures.  It 
been  urged'  that  during  sleep  the  brain  isaniemic ;  but  even  if 
is  anaemia  is  a  constant  accompaniment  of  sleep,  it  must,  like 
ic  vascular  condition  of  a  gland  or  any  other  active  organ, 
regarded  as  an  effect,  or  at  least  as  a  subsidiary  event  rather 
in  as  a  primary  cause.  The  explanation  of  the  condition  is 
ler  to  be  sought  in  purely  molecular  changes ;  and  the  analogy 
•tween  the  systole  and  diastole  of  the  heart,  and  the  waking  and 
;ping  of  the  brain,  may  be  profitably  pushed  to  a  very  consider- 
Ic  extent  The  sleeping  brain  in  many  respects  closely  resembles 
quiescent  but  still  bving  ventricle.  Both  are  as  far  as  outward 
Testations  are  concerned  at  rest,  but  both  may  be  awakencti 
activity  by  an  adequately  powerful  stimulus.  Both,  though 
liescent,  are  irritable,  in  both  the  (]uiescence  will  ultimately  give 
lace  to  activity,  and  in  both  an  appropriate  stimulus  applied  at 
ic  right  time  will  determine  the  change  from  rest  to  action, 
fust  as  a  single  prick  will  und^r  certain  circumstances  awake  a 
Uricle*  which  for  some  seconds  has  been  motionless,  into  a 
lythmic  activity  of  many  beats,  so  a  loud  noise  will  start  a  man 
>m  sleep  into  a  long  day's  wakefulness.  And  just  as  in  the 
irt  the  cardi.ac  irritability  is  lowest  at  the  beginning  of  the 
LStole  and  increases  onwards  till  a  beat  bursts  out^  so  is  sleep 
jepest  at  its  commencement  after  the  day's  labour;  thence 
iward  slighter  artd  slighter  stimuli  are  needed  to  wake  the 
iceper. 

Koblsch  utter*,  judging  of  the  depth  of  ordinary  nocturnal  sleep  by 
le  intcnbiiy  of  the  noise  required  to  wake  the  sleeper,  concludes  th.it, 
icrcasing  very  rapidly  at  first,  it  reaches  its  mnxinium  within  the 
first  hour  ;  from  ihcnce  it  diminishes,  at  first  rapidly,  but  afterwards 
more  slowly.  At  the  end  of  an  hour  and  a  halt  it  t-ilh  to  one-fourth,  at 
the  end  of  two  hours  to  oncHcighth  of  its  maximal  intensity,  and  ihcncc 
onward  diminishes  with  gradually  diminishing  decrements. 

We  cannot  at  present  make  anydefmite  statements  concerning 
the  nature  of  the  nioJecular  changes  which  determine  this  rhyth- 
mic nse  and  fall  of  cerebral  irritability.  Preyer^  leanitig  towards 
the  view  that  the  accumulation  of  the  products  of  protoplasmic 

•  Durham.  Gu/i  ffosfit^  Hif^frij^  Vol.  vi.  i860, 

•  ZaUckr,/,  rai.  MM,  XVII.  (l86j)  p.  209,  XXXIV.  (1869)  p.  4a. 

>  CminlhUit /,  Ii*d.  ma.  1875,  p.  577.    L^i^tr  4u  Urxatht  da  S^Ufu^ 
1877. 
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activity  may  become  in  the  end  an  obsiruciion  lo  inai 
been  led  to  think  that  the  presence  of  Lactic  add,  ooccCtkpi 
ducts  certainly  of  muscular  and  probably  of  ncrvow 
tends  to  produce  sleep ;  but  this   is  doubciuL     The 
of  Pfliiger*,  that  the  diminution  of   irritability,  and 
suspension  of  automatism,  is    dependent    on    the 
the  store  of  intramoleculaj  oxygen   (p.  364,   is 
attention. 

As  was  previously  stated  (p.  473),  tfacn^  is  at  pre^esi  at IcMli 
satisfactory  evidence  that  the  assumption  of  ox  !c| 

dent  on  the  lime  of  day*  the  striking  result  obtaj.  a 

Voit  there  quoted  not  being  corroborated  by  suo-cijur  li  tiiL.>- 
hypothesis  of  Prtiiger,  therefore,  unless    sttb^equem   reseudia  1 
state  Pettenkofer  and  Volt's  first  view»  needs   an  addiltoa  to  t% 
ht)W  it  is  that  the  store  of  intramolecular  ox>  tjen  becoaics 
the  nervous  system-     Henke'  had  previously  put  fonuiird 
unlike  hypothesis,  as  had  also  Sommer  ^ 

*  ^^ 

The  phenomena  of  sleep  shew  very  clearly  to  how 
extent  an  apparent  automatism  is  the  ultimate   outooi 
effects  of  antecedent  stimulations.     When  wc  wish  to  go 
we  withdraw  our  automatic  brain  as  much  as  possihie 
influence  of  all  extrinsic  stimuli ;  and  an   interesting  CMSt  h 
corded*  of  a  lad  whose  connection  iviiU  the  external 
from  a  complicated  anaesthesia,  limited  to  that  afforded  b 
eye  and  a  single  ear,  and  who  could  be  sent   to  sleep  at 
closing  the  eye  and  stopping  the  ear. 

The  cycle  of  the  day  is  however  manifested  in  many  other* 
than  by  the  alternation  of  sleeping  and  waking,  with  all  the  indfl 
effects  of  these  two  conditions.  There  is  a  diurnal  curve 
pcrature  (see  p,  487),  apparently  independent  of  all  i 
circumsUnces,  the  herediury  impress  of  a  long  and  an 
quence  of  days  and  nights.  Even  the  pulse,  so  sensiti 
bodily  changes,  shews,  running  through  all  the  imniediat 

of  the  changes  of  the  minute  and  the  hour,   the    worki  

diurnal  influence  which  cannot  be  accounted  for-  by  waking 
sleeping,  by  working  and  resting,  by  meals  and   abstinence 
tween  meals.     And  the  same  may  be  said  concerning  the  rbji 
of  respiration,   and  th::  products   of  pulmonary,    cu 

*  PflUgcr's  ArtAw,  x.  (1875)  P-  4^8, 
■  SUtungsberkkt.  A  tad.  U'tfs,  Miimhrn,  tS66 — 67. 
i  Zeitschr./.  rai.  Afai.  XIV.  (1861)  p.  363, 

*  Zntschr.f,  rat,  Aftd.  XXXHI,  (1 868). 
5  Cf.  Heubd,  Pfliiger'*  Ar^kiv,  XI V.  (1877)  p.  158. 

*  Pflnger's  ^n-irv,  xv.  (1^77)  p.  573. 
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urinaiy  excretion.  There  seems  to  be  a  daily  curve  of  bodily 
metabolism,  which  ts  not  the  product  of  the  day's  events.  Within 
the  day  we  have  the  narrower  rhythm  of  the  respiratory  centre 
with  the  accompanying  rise  and  fall  of  activity  in  the  vaso-motor 
centres-  And  lastly,  as  the  fundamental  fact  of  all,  bodily  perio- 
dicity is  that  alternation  of  the  heart's  systole  and  diastole  which 
ceases  only  at  death.  Though,  as  we  have  seen,  the  intermittent 
flow  in  the  arteries  is  toned  down  in  the  capillaries  to  an  appar- 
ently continuous  flow,  still  the  constantly  repeated  cycle  of  tlie 
cardiac  shuHle  must  leaves  its  mark  throughout  the  whole  web  of 
tlie  body's  life.  Our  means  of  investigation  are,  however,  still  too 
gross  to  permit  us  to  track  out  its  influence.  Still  less  arc  we  at 
present  in  a  position  to  say  how  far  the  fundamental  rhythm  of 
the  heart  itself,  that  rhythm  which  is  influenced^  but  not  created, 
by  the  changes  of  the  body  of  which  it  is  the  centre,  is  the  result 
of  cosmical  changes,  the  reflection  as  it  were  in  little  of  the  cycles 
of  the  universe,  or  how  far  it  is  the  outcome  of  the  inherent 
vibrations  of  the  molecules  which  make  up  its  substance. 
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CHAPTER   Vr. 

DEATH. 


When  the  animal  kingdom  is  surveyed  from  a  broad  suod-poiitf 
it  becomes  obvious  that  the  ovum,  or  its  correlative  the  spcnni* 
tozoon^  is  the  goal  of  an  individual  existence  :  that  life  is  a  cydc 
beginning  in  an  ovum  and  coming  round  to  an  ovum  again.     Th< 
greater  part  of  the  actions  which,  looking  from   a  nef»^  r^,;r.r  .  <* 
view  at   the  higher  animals   alone,  we  are   apt    to    * 
eminently  the  purposes  for  which  animals  come  into  v.^i 
when  viewed  from  the  distant  outlook  whence  the  whole 
world  is  surveyed,  fade  away  into  the  Hkeness  of  the  mere  i 
of  ovum-bearing  organisms.      The  animal  body  is   in   r^; 
vehicle   for  ova ;   and  after  the  life  of  the  parent  has    bcc-'tusi 
potentially  renewed  in  the  offspring,  the  body  remains  as  a  caut- 
off  envelope  whose  future  is  but  to  die. 

Were  the  animal  frame  net  the  complicated  machine  we  have 
seen  it  to  be,  death  might  come  as  a  simple  and  gradual  dtss^ 
hitiDn,  the  *  sans  everything '  being  the  last  stage  of  the  succes<^fl 
loss  of  fundamental  powers.  As  it  is,  however,  death  is  atiiAjM 
more  or  less  violent ;  the  machine  comes  to  an  end  by  reason  di 
tlie  disorder  caused  by  the  breaking  down  of  one  of  its  parts. 
Life  ceases  not  because  the  molecular  powers  of  the  whole  boity 
slacken  ami  are  lost,  but  because  a  weakness  in  one  or  other  part 
of  the  machinery  ihrmvs  its  whole  working  out  of  gear.  ^ 

We  have  seen  that  the  central  factor  of  life  is  the  circulatiM 
of  the  blood,  but  we  have  also  seen  that  blood  is  not  only  usclcM 
but  injurious,  unless  it  be  duly  oxygenated  ;  and  we  have  furt)^| 
seen  that  in  the  higher  animals  the  oxygenation  of  the  bloq^^H 
only  be  duly  effected  by  means  of  the  respiratory  muscular  ni^^^| 
Wgn,  presided  over  by  the  medulla  oblongauu     Thus  the  lif^olH 
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implex  animal  is,  when  reduced  to  a  simple  form,  comj>osed  of 
ree  factors  :  the  maintenance  of  the  circulation,  the  access  of 
to  the  haemoglobin  of  the  blood,  and  the  functional  activity  of 
respiratory  centre  j  and  death  may  come  from  the  arrest  of 
Uher  of  these.  As  Bichat  put  it^  death  takes  place  by  the  heart 
by  the  Inngs  or  by  the  brain.  In  reality,  however,  when  we 
ish  the  analysis  further,  the  central  fact  of  death  is  the  stoppage 
the  heart,  and  the  consequent  arrest  of  the  circulation  j  the 
sues  then  all  die,  because  they  lose  their  internal  medium.  The 
ilure  of  the  heart  may  arise  in  itself,  on  account  of  some  failtirc 
its  nervous  or  miiscuLir  elements,  or  by  reason  of  some  mis- 
lief  affecting  its  mechanical  working.  Or  it  may  be  due  to 
ime  fault  in  its  internal  medium,  such  for  instance  as  a  want  of 
ixygenation  of  the  blood,  which  in  turn  may  be  caused  by  either 
change  in  the  blood  itself,  as  in  carbonic  oxide  poisoning,  or  by 
faihire  in  the  mechanical  conditions  of  respiration,  or  by  a  ces- 
sation of  the  action  of  the  respiratory  centre.  The  failure  of  this 
centre,  and  mdeed  that  of  the  heart  itself,  may  be  caused  by 
nervous  influences  proceeding  from  the  brain,  or  brought  into 
operation  by  means  of  the  central  nervous  system  ;  it  may,  on  the 
other  hand,  be  due  to  an  imperfect  state  of  blootl,  and  this  in 
turn  may  arise  from  the  imperfect  or  perverse  action  of  various 
secretory  or  other  tissues.  The  modes  of  death  are  in  reality  as 
numerous  as  are  the  possible  modifications  of  the  various  factors 
of  life  ;  but  they  all  er»d  in  a  stoppage  of  the  circulation,  and  the 
withdrawal  from  the  tissues  of  their  internal  medium.  Hence  we 
come  to  consider  the  death  of  the  body  as  marked  by  the  ces- 
sation of  the  heart's  beat,  a  cessation  from  which  no  recovery 
is  possible ;  and  by  this  we  are  enabled  to  fix  an  exact  time 
at  which  we  say  the  body  is  dead.  We  can,  however,  fix  no 
such  exact  time  to  the  death  of  the  individual  tissues.  They 
aie  not  mechanisms,  and  their  death  is  a  gradual  loss  of  power. 
In  the  case  of  the  contractile  tissues,  we  have  apparently 
in  rigor  mortis  a  fixed  term,  by  which  we  can  mark  tlie  exact 
time  of  their  death.  If  wc  admit  that  after  the  onset  of  rigor 
mortis  recovery  of  irritability  is  impossible,  then  a  rigid  muscle 
is  one  permanently  dead.  In  the  case  of  the  other  tisNUes, 
we  have  no  such  objective  sign,  since  the  rigor  mortis  of 
sim{)le  protoplasm  manifests  itself  chiefly  by  obscure  chemical 
signs.  And  in  all  cases  it  is  obvious  that  the  ^possibility  of  ne* 
covery,  depending  as  it  does  on  the  skill  and  knowledge  of  the 
experimenter,  is  a  wholly  artificial  sign  of  death.  Yet  we  can 
draw  no  other  sharp  line  between  the  seemingly  dead  tissue 
whose  life  has  flickered  down  into  a  smouldering  ember  which 
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►N  THE  CHEMICAL   BASIS  OF  THE  ANIMAL  BODY. 


TaTIVE  protoplasm,  whenever  it  can  be  obtained  in  sufficient  quantity 
»r  chemicaj   analysis,  is  found  to  coniain  representatives  of  three 
;e  classes  of  chemical   substances,   viz.,    proteids,    carbohydrates 
id  fats,  in  association  with  smaller  quantities  of  various  saline  and 
ther  crystalline  bodies.     By  proieids  arc  meant  bodies  containing 
rbon,   oxygen,  hydrogen    and    nitrogen   in    a  certain   proportion, 
irying  within  narrow  limits,  and  having  certain  general  features ; 
icy  arc  frequently  spoken  of  as  albuminoids.     By  carbohydrates  are 
rant  starches  and  sugars  and  their  allies.     Of  these  three  classes  of 
idies,  the  proteids  form  the  chief  mass  of  ordinary  protoplasm,  but 
ts  and  carbohydruics  arc  never  wholly  absent.     To  obtain  evidence 
the  presence  of  any  one  of  them  in  living  protoplasm  we  are  obliged 
submit  the  protoplasm  to  destructive  analysis.   We  do  not  at  prcicnl 
low  anj'thing  defmitc  about  the   molecular  composition  of  active 
living  protoplasm  ;  but  it  is  more  than  probable  that  its  molecole  is  a 
large  complex  one  in  which  a  protcid  substance  is  peculiarly  asso- 
ciated with  a  complex  fat  and  with  some  representative  of  the  carbo* 
hydrate  group,  «.^.,  that  each  molecule  of  protoplasm  contains  residues 
of  each  of  these  three  great  classes. 

The  whole  animal  body  is  modified  protoplasm.  Consequently 
when  we  examine  ihe  varitJus  tissues  and  fluids  from  a  chemical  point 
of  view,  we  find  present  in  different  places,  or  at  different  times, 
several  varieties  and  derivatives  of  the  three  chief  classes ;  we  find 
many  forms  of  proteids  and  derivatives  of  proteids  in  the  forms  of 
gelatine,  chondrin,  &c.  ;  many  varieties  of  fats;  and  several  kinds  of 
carbohydrates. 

We  find  moreover  many  other  bodies  which  wc  may  regard  as 
stages  in  the  constructive  or  destructive  metabolism  of  both  natiTC 
and  differentiated  protoplasm,  and  which  are  important  not  so  much 
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from  the  quantity  in  which  they  occur  in  the  antma|  body  At  isy 
time  as  from  their  throwing  light  on  the  nature  of  axiiroal 
these  are  such  bodies  as  urea,   lactic   acid,  and   the 
general. 

In  the  following  pages  the  chemical  features  of  the 
of  these  various  substances  which  are  known  to  occur  in  tbe 
body  will  be  briefly  considered,  such  characters  only  bong  descnbel 
as  possess  or  promise  to  pos*^e5s  physiological  interest.  The  p)kyE9> 
logical  function  of  any  substance  must  def>end  aJtimately  oft  ii 
molecular  (including  its  chemical)  nature  ;  and  though  at  prcMttfV 
chemical  knowledge  of  the  constituents  of  an  animal  bod)  gms  W 
but  little  insight  into  their  physiological  properties,  it  cainof  le 
doubted  that  such  chemical  information  as  is  attainable  is  a  ttuxjaf 
preliminary  to  all  physiological  study. 


PROTEIDS. 

These  form  the  principal  solids  of  the  muscular,  nervoui^  nl 
glandular  tissues  of  the  scrum  of  blood,  of  serous  flmds,  a»i  rf 
lymph.  In  a  healthy  condition^  sweat,  tears,  bile  and  urine  coodA 
mere  traces,  if  any,  of  proteids.  Their  general  percentage  ooa^ 
position  may  be  taken  as 


o. 

H. 

N. 

c            s. 

From    20*9 

6-9 

IS'2 

5*5               0*3 

to  23'S 

to  7*3 

to  1710 

to  545           to  2TO 

(Hoppe-ScyletV) 

These  figures  are  obtained  from  a  comideradon  of 
dight  differences  in  the  various  results  being  icamotcrial, 
the  substance  operated  upon  cinnot  be  dcftaitely  detcmuiiied. 

In  addition  to  the  above  constituents,  proleids  leave  on  ignttiott  m 
quantity  of  ash.     In  tbe  case  of  (^-albumin  the  principal  constJti»ei»Uof 
SL&h  are  chlorides  of  sodinm  and  pota-^sjum,  the  latter  greatly  exceediiy 
former  tn  amount.     The  remainder  con^sts  of  sodium  and  potAssvttnv  ^ 
btnalion   with  phosphoric,    sttlphttnCf    and  carbonic    acids,    and    Tery 
quantities  of  calcium,  magnesium  and  iron,  in  anion  "mth    the   smtac 
There  is  also  a  tr.ice  of  silica  \     The  nsh  of  ^emni-albumin  conCatti^  aa 
of  sodinm  chloride,  but  the  ash  of  the  proteids  of  muscle  coatjdns  an 
of  pota<ih  salts  and  phosphates.     The  nature  of  the  connection  of  the  wA 
the  pfoteid  is  stiU  a  matter  of  obscurity*     Globin  irotn  haexooglobin  fcs 
from  a&h. 


*  //dk  PAys.  PiUh.  CAim,  Anal,  Kd.  IV,  (1875)  S.  aat, 
■  See  Gmelin,  W^,  Qt^.  Ckrm,,  Bd.  Vlll,  S,  «&$. 
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Proteids  Art  all  amorphous;  some  are  soluble,  some  insoluble  in 
Lcr,  and  all  arc  for  the  niost  part  insoluble  in  alcohol  and  tCtber  ;  they 
all  soluble  in  strong  acids  and  alkalis,  but  in  becoming  dissolved 
uly  undergo  composition.  Their  solutions  possess  a  left-handed 
itory  action  on  the  plane  of  polarisationi  the  amount  depending  on 
ious  circumstances,  and  being,  with  one  exception,  viz.,  peptones, 
^ed  by  heating. 

CrjiUh  into  whose  composition  certain  proteid  (gtobuUn)  dements  enter 
Umg  since  observed  in  ibe  seeds  of  many  plmits ;  as  yet  they  have  not 
obtained  suflicieritly  isolated  or  in  quantities  Urge  enough  to  permit  of 
ly  accurate  analysLs  to  be  made.     Quite  recendy  however '  a  method   of 
in  quant  tty  and  recrysiaUizing  these  5absuince«  has  been  indicated, 
it  seems  probable  that  analysis  of  the:>e  may  it^  to  interesting  infonom* 
on  the  subject  of  the  constitution  and  combinations  of  pruteids. 

Their  presence  may  be  detected  by  the  following  tests. 

t.     Heated  with  strong  nitric  acid,  they  or  their  solutions  turn 
low,  and  this  colour  is,  on  the  addition  of  ammonia,  changed  to  a 
:ep  orange  hue.     (Xanthoproteic  reaction.) 

2.  With  Millon's  reagent  they  give,  when  present  in  suliicient 
quantity,  a  precipitate,  which,  with  the  supernatant  duid,  turns  red  on 

icating.     If  they  are  only  present  in  traces,  no  precipitate  is  obtained. 
It  merely  the  red  colouration. 

3.  With  caustic  soda  solution,  and  one  or  two  drops  of  a  solution 
cupric  sulphate,  a  violet  colour   is  obtained,  which  deepens  on 

)iling. 

The  above  serve  to  detect  the  smallest  traces  of  all  proieids.  The 
two  following  tests  may  be  oscd  when  there  is  more  than  a  trace 
present,  but  do  not  hold  for  every  kind  of  proteid. 

4.  Render  the  fluid  strongly  acid  with  acetic  acid,  and  add  a  few 
drops  of  a  solution  of  ferrocyanide  of  potassium  ;  a  precipitate  shews 
the  presence  of  proteids, 

5.  Render  the  fluid,  as  before,  strongly  acid  with  acetic  acid,  add 
an  equal  volimie  of  a  concentrated  solution  of  sodium  sulphate,  and 
boil,    A  precipitate  is  formed  if  proteids  are  presenL 

This  lut  leaetion  b  useful,  not  only  00  account  of  its  CEactne«.  but  alio 
because  the  reagents  itsed  produce  no  decomposition  of  other  bodies  which 


•  Dttdmii,/mm./,frmki.  Cktm.,  N.  F.  Bd,  xijL  (1879)  S.  331. 
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may  be  present;  and  heace  after  filtratioa  the  tame  fluid  may  be 
analysed  for  olher  substances.     Additional  methods    '*^  ^^^^1r,^a 
proicid.s  are  :  acidulating  with  acetic  add  and  i>j  iliag  tof 

of  tlic  acid  ;  precipitation  by  excess  of  alcohol  ;  in  i  .. ...  aKAei 

must  be  neutral  or  faintly  acid.     Moppe-Seylcr  '  reco[iiniend>  the 
of  a  salmaled  solution  of  freshly   precspitarcd  ferric  oxidCf    ta 
BrUckc's  method   of    removing   the   la^sl     traces    of    protckU  friHB 
solutions  is  also  of  use  (see  p.  757).     Precipitatioa  of  the  last  tmtcf  d* 
tcids  by  means  cf  hydrated  oxide  of  lead  at  a  boiling  tcmpenarc  *  M*  li 
also  employed. 

Proteids  may  be  very  conveniently  divided  into  Qas9c&. 

Class  L    Native  Alhumins* 

Members  of  this  class,  as  their  tiame  implies,  occur  tn 
condition  in  animal  tissues  and  fiuids.     They  are  soluble 
are  not  precipitated  by  very  dilute  acids,  by  carbonates  of  tJic 
or  by  sodinm  chloride.    They  are  coagulated  by  he-Ating  to  a 
ture  of  about  70^.     If  dried  at  40",  the  resulting   mass  is  i4ifk- 
yellow  colour,  easily  friable,  tasteless,  and  inodorous, 

I.    Egg-albumin, 

Forms  in  aqueous  solution  a  neutral,  transparent^  yellow 
From  this  it  is  precipitiiled  by  e,tcess  of  strong  atcohoL     If  t! 
be  rapidly  removed  the  precipitate  may  be  readily  redissoJvcd 
if  subjected  to  lengthier  action  a  coagulation  occurs,  and  the 
is  then  no  longer  thns  soluble.     Strong  acids,  especially  ui 
cause  a  coagulation  similar  to  that  produced  by  heat   or  L'- 
longed  action  of  alcohol  ;  the  albumin  becomes   profound! . 
by  the  action  of  the  acid  and  does  not  dissolve  upon   re  1 
acid.     Mercuric  chloride,  silver  nitrate,  and  lead  acelai 
the  albumin  without  coagulation  j  on  removal  of  the  prccipiixai  tli 
precipitate  may  be  redissolved. 

ijlrong  acetic  acid  in  excess  gives  no  precipitate,  but  w 
solution  is  concentrated  the  albumin  is  transforrxd  into  a  tra 
jelly.     A  simiUr  jelly  is  produced  when  strong  caustic  potash  a 
to  a  concentrated  solution  of  egg-albumin.     In  both   these 
substance  is  profoundly  altered* 

The  speci^c  rotatory  power  of  egg-albumin  tn  aqueous  soiutioa 
for  yellow  light, -35*5 '^,  Hydrochloric  acid,  added  until  the  re^ct 
is  strongly  acid,  increases  this  rotation  to -377''.  The  furmatjoii  ff 
the  gelatinous  compound  with  caustic  potash  is  at  tirsi  accofnptUMld 
with  an  increase,  but  this  h  followed  by  a  decrease  of  rotation, 

'  Of,  «y,  S.  2^7. 

*  HofDoeister,  ZdiscA.  /.  J>Myiivi,  CAtm,,  Bd.  11^  (1878)  ii.  jgh. 
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Preparation,  White  of  hen's  egg  is  broken  up  with  scissors  into 
ill  pieces,  diluted  with  an  equal  bulk  of  water,  and  the  mixture 

;n  !»trongly  in  a  flask  till  quite  frothy  ;  on  standing  the  foam  rises 
lop,  and  carries  all  the  fibres  in  whose  meshwork  the  albumin 

contained.  The  fiuid,  from  which  the  foam  has  been  removed, 
strained,  and   treated  carefully  ^vith  dilute  acetic  acid  as  long  as 

precipitate  is  formed  ;    the  precipitate  is  then  filtered   off,  and 

filtrate  after  neutralisation  concentrated  at  40"  to  its   origioal 


2.  Serum-albumin. 

This  form  of  albumin  resembles,  to  a  great  extent,  the  one 
iviously  described  The  following  may  suffice  as  distinguishing 
tures. 

The  specific  rotation  of  senim-albumin  is  -  56' ;  that  of  egg- 
iratn  is-JS'S**,  both  measured  for  yellow  light. 

%,     Serum-albumin  is  not  coagulated  by  aether,  egg^albumin  is. 

3.  Serum-albumin  is  not  very  readily  precipitated  by  strong 
lydrochloric  acid,  and  such  precipitate  as  does  occur  is  readily  re- 

iftsolved  on  further  addition  of  the  acid  ;  the  exact  reverse  of  these 
features  holds  good  for  egg-albumin. 

4.  Precipitated  or  coagulated  serum-albumin  is  readily  soluble, 
Cgg-albumin  is  with  difficulty  soluble,  in  strong  nitric  acid. 

Serum-albumin  is  found  not  only  in  blood-serum,  but  also  in  lymph, 
both  that  contained  in  the  proper  lymphatic  channels  and  that  diffused 
in  the  tissues ;  in  chyle,  milk,  transudations  and  many  pathologic^ 
fluids. 

It  is  this  form  in  which  albumin  generally  appears  in  the  urine. 

In  addition  tn  the  tbore,  Scherer  *  has  described  two  closely  related  bodies, 
to  which  he  gives  the  names  Paralbumin  and  Metalbmnia.  The  fint  he 
obtained  from  ovarian  cysts ;  it«  allcaline  solutiona  are  recnarkahle  fi>r  being 
very  ropy.  It  seems  doubtful  whether  this  body  is  a  protekl ;  it  diflen  sensibly 
in  composition  from  these.  Haerlin  *  gives  as  its  eompositioo,  O.  a6*8* 
H.  6'9,  N.  I2'8,  C.  51  S,  S.  17  p.e.  It  seems  to  be  associated  with  some 
body  like  glycogen,  capable  of  being  converted  into  a  substance  giving  the 
teactioas  of  dextn^e.  Metalbumin,  found  in  a  dr^p^iical  fluid,  re^emble^  the 
preceding*  Imt  is  not  precipitated  by  hydrocUofic  acid,  or  by  acetic  acid  and 


•  Ann,  dtt  Chtm,  «nd  PMarm.,  Bd.  82,  S.  135. 

•  Oum.  CmiraMM,  186a.    No.  56. 
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ferrocyanide  of  poinsshim  ;  it  is  predpUated,  but  not  oomgtUMB^  by  timMi 

its  solution  is  scarcely  coaigulatcd  on  boilmg-. 

Albumins  are  geBerally  fouad  a^socialed  with  smifl  iMt  deUli 
amounts  of  saline  tnatter.  A.  Schmidt  ■  says  thai  they  may  be  tmi 
from  these  by  dialysis,  and  that  they  are  then  not  coaguUtcd  oo  bafcf. 

From  this  it  might  be  inferred  that  the  albumin  and  ••"  — 

were  pecuharly  related,  and  that  the  latter  played 

during  the  coagulation  of  the  former  by  heat,     Scrim:ai  s  ijL^y^T> 

tions  however  have  not  been  conclusively  corroborated  by  »ib«op^ 

observers. 

C  LASS  1 1 .    Derived  A  Ibumins  {AlbttfrnnaUsy. 

I.     Acid-albumin* 

When  a  native  albumin  in  solution,  such   as    ^- 
treated  for  some  little  time  with  a  dilute  acid  such  a- 
properties  become  entirely  changed.     The  most  maj 
(i)  that  the  solution  is  no  longer  coagulated   by  hea 
the  solution  is  carefully  neutralized  the  whole  of  the  prutcjd  is  tiirsca 
down  as  a  precipitate  ;  in  other  words,  the  serum-alburnin  whici  •« 
soluble  in  water,  or  at  least  in  a  neutral  fluid   containing  onlyasirt 
quantity  of  neutral  salts,  has  become  converted  into  a  sohsiamf  <* 
soluble  in  water  or  in  similar  neutral   Huids*      The  body  inr 
serum-albumin  thus  becomes  converted  by  the  action  of  ar 
spoken  of  as  acid-ailmmin.     Its  characteristic  features  ar«  t 
insoluble  in  distilled  water,  and  in  neutral  saline  solutions, 
those  of  sodium  chloride,  that  it  is  readily  soluble   in  dilute 
dilute  alkalis,  and  tliat  its  solutions  in  acids  or  alkalis  are  ma  cu£|~> 
lated  by  boiling.     When  suspended,  in  the  undissolved  state*  til  wMK 
and  heated  to  70^,  it  becomes  coagulated,  and  is  then  undtstingsiifatliL 
from  coagulated  serum-albumin,  or  indeed  from  any  other  fona  ^ 
coagulated  proteid.     It  is  evident  that  the  substance  when  tn  v    -^-^ 
in  a  dilute  acid  is  in  adiflcrent  condition  from  that  in  which  it  -    • 
precipitated  by  neutralisation.    \i  a  quantity  of  serum-  or  i 

be  treated  with  dilute  hydrochloric  acid,  it  will  be  foujid  tJ 
version  of  the  native  albumin  into  acid-albumin  is  gradual  ;  ^  >pei::- 
men   heated  to  70^  immediately  after  the  adduion  of  the  dilute  iuifi. 
will  coagulate  almost  as  usual ;  and  another  specimen   taken  at  tlic 
same  time  will  give  hardly  any  precipitate  on  neutralisation.     Somt 
time  later,  the  interval  depending  on  the  proportion  of  the  acul 
albumin,  on  temperature,  and  on  other  circumstances,  the  coa^ 
will  be  less,  and  the  neutralisation  precipitate  will   be  consider  ii:^. 
Still  later  the  coagulation  will  be  absent,  and  the  whole  of  the  prijiuu 
will  be  thrown  down  on  neutralisation. 

'  VU^tx\  Artkiv^  Xl.  (1875)  ^-  *• 
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If  finely-chopped  muscle,  from  which  the  soluble  albumins  have 
sen  removed  by  repealed  washing,  be  treated  tor  some  time  with 
lute  ("2  per  cent.)  hydrochloric  acid,  the  greater  part  of  the  muscle 
dissolved.  The  iransjjarcnt  acid  titrate  contains  a  large  quantity 
proteid  material  in  a  form  which,  in  its  general  characters  at  l^aM, 
;s  with  acid -albumin.  The  acid  solation  of  the  proteid  is  nol 
iLitcd  by  bulling,  but  the  whole  of  the  proicid  is  precipitated  00 
itnlisation  ;  and  the  precipitate,  insoluble  in  neutral  sodic  chloride 
itions,  is  readily  dissolved  by  even  dilute  actds  or  alkalis.  The 
roteid  thus  obtained  from  muscle  has  been  called  synttinin^  but  we 
ive  at  present  no  satisfactory  test  to  distinguish  the  acid-albumin 
syntonin)  prepared  from  muscle  from  that  prepared  from  egg-  or 
imsilbumin.  When  coagulated  albumin  or  other  coagulated  pro- 
id  or  fibnn  is  dissolved  in  strong  acids,  acid-albumin  is  formed  ;  and 
rhcn  fibrin  or  ai^y  other  proteid  is  acted  upon  by  gastric  Juice,  acid- 
Ibumin  is  one  of  the  flrst  products  ;  and  these  acid-albumins  caimot 
distinguished  from  acid-aibumin  prepared  from  muscle  <yT  native 
»umin.  Though  hydrochloric  acid  is  perhaps  the  most  convenient 
:id  for  forming  acid-albumin,  other  acids  may  also  be  used  for  the 
irpose  of  preparing  it.  Acid-albumin  is  soluble  not  only  in  dilute 
lis,  but  also  in  dilute  solutions  of  alkaline  carbonates  j  its  solutions 
these  arc  not  coagulated  by  boiling. 

If  sodic  chloride  in  excess  is  added  to  an  acid  solution  Qf  acid- 
Ibumin,  the  acid-albumin  is  precipitated  :  this  also  occurs  on  adding 
lium  acetate  or  phosphate. 

As  special  tests  of  acid-albumin  may  be  given  :  1.  Partial  coagula- 
tion of  its  solution  in  lime-water  on  boiling*  a.  Further  precipitation 
of  the  same  solution  after  boiling,  on  the  addition  of  calcic  chloride, 
magncsic  sulphate,  or  sodic  chloride. 

Dissolved  in  very  dilute  h>  drochloric  acid,  acid-albumin  (syntonin) 
prepared  from  muscle  possesses  a  specific  larvo-rotatory  power  of  -  72** 
for  yellow  light,  this  being  independent  of  the  concentration'.  On 
Seating  thr  solution  in  a  dosed  vessel  in  a  water-bath,  the  rotatory 
power  rises  to  -84*8^. 


3.     Alkali-albumm. 

If  scrum-  or  egg-albumin  or  washed  muscle  be  treated  with  dilute 
alkali  instead  of  with  dilute  acid,  the  proteid  undergoes  a  change  quite 
similar  to  that  which  was  brought  about  by  the  acid.  The  alkaline 
solution,  when  the  change  has  become  complete,  is  no  longer  coagu- 
lated by  heat,  the  proteid  is  wholly  precipitated  on  neutralisation, 
and  the  precipitate,  insoluble  in  water  and  in  neutral  sodic  chloride 

UoppeSeyler,  ffdS,  Phyt,  F^h.  Cktm.  Anal,,  Ed.  iv.  (1875)  S.  346, 
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solutions,  is  readily  soluble  in  dilute  acids  or  alkalis.  Imleed  iaa 
way  it  may  be  said  that  acid-albumin  and  alkAli-albuxnia  are 
more  than  solutions  of  the  same  substance  in  dilute  acids  aad  ill 
respectively*  When  the  precipitate  obtained  by  tbe  ncutniltuLoo 
solution  of  acid-albumin  in  dilute  acid  is  dissolved  in  a  ddaie  il 
it  may  be  considered  to  become  alkali-albuoiin  ;  an'!  c€'i 
the  precipitate  obtained  from  an  alkali-albuxnin  solution  i 
dilute  acid,  il  may  be  regarded  as  acid-albumin. 

It  IS  stated  as  a  characteristic  reaction  of  this  modified 
albumin  that  it  is  not  precipitated   when   its  alkaline 
neutralised  in  the  presence  of  alkaline  phosphates  ;  soh: 
albumin  on  the  contrary  are  said  to  be  precipitated  on  : 
in  the  presence  of  alkaline  phosphates,  and  this  dilTcireDcc 
to  be  a  distinguishing  feature  of  the  two  proteids. 

Alkali-albumin  may  be  prepared  by  the  action  not  onh-  d 

» alkalis  but  al^o  of  strong  caustic  alkalis  on  native  aJbiur. 
On  coagulated  albumin  and  other  proteids.  The  jclJy  pre 
action  of  caustic  potash  on  white  of  egg,  spoken  of  in  Class  L 
ftlkali-atbumin  j  the  similar  jelly  produced  by  strong  acetic  u. 
acid-Tilbumin.  One  of  the  most  productive  methods  of  oi^ 
alkali-albumin  is  that  produced  by  Lieberkuhn',  and  consists  in 
strong  solution  of  caustic  potash  to  white  of  ejjg  until  the  ali 
mentioned  jelly  is  obtained.  This  is  then  cut  into  small  pieces 
dialysed  until  quite  white.  The  lumps  are  then  dissolved  in  the 
bath,  and  the  alkali-albumin  precipitated  by  the  csaieful 
acetic  acid. 

Both  alkali-  and  acid-albumin  are  with  diflficulcy  pr. 
alcohol  from  their  alkaline  or  acid  solutions.     The  ncutr.: 
cipitate  however  becomes  coagulated  under  the  prolonged  ^OM 
alcohol. 

1  he  Iwdy  '  protein,'  for  whose  existence  Mulder  h^s  so  mach  oeali 
appears,  if  it  exists  at  all,  to  be  cU^sely  connected  with  this  bodr.  All 
quent  observers  have  however  failed  to  confirm  his  views. 

The  rotatory  power  of  alkaJi-albumin  varies  according  u 
source  ;  thus  when  prepared  by  strong  caustic  potash  from 
albumin,  the  rotation  rises  from  — 56'  (that  of  scrum-aibumin)  to- 
for  yellow  light     Similarly  prepared  from  egg-albumin,  it   rises  ( 

—  38*5'"'  to -47°,  and   if  from  coagulated   white   of  egg^,    tt    ri 

—  58S",     Hence  the  existence  of  various  forms  of  alkali-alhutnj 
probabb. 

In  addition  to  the  methods  given  above,  alkoli-albuuiin  may  he  «ijo 
Hained  by  shaking  milk  with  strong  causlic  soda  solution  and  «echcr 

■  Poggendorfifs  Annaim^  Bd,  Lxxxvi.  S.  118. 
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tetherial  solution,  precipitating  the  rematntng  fluid  with  acetic  ftcid  and 
itng  the  prccipilale  wiLh  water,  cold  alcohol  and  aether. 

The  mo5t  satisfactory  method  of  regarding  acid-  and  alkali-albumin 
to  consider  them  as  respectively  acid  and  alkali  compounds  of  the 
•utralisation  precipitate,  Wc  have  reason  to  think  that  when  the 
:ipt(ate  is  dissolved  in  either  an  acid  or  an  alkali,  it  does  enter  into 
ibination  with  them*  The  neutralisation  precipitate  is  in  itself 
ither  acid-  nor  alkali-albumin,  but  may  become  either,  upon  solution 
the  respective  reagent. 

Il  ia  probable  that  several  derived  albumini  exist,  difiTcring  accordiiig  to  the 
from  which  ihey  are  formed  or  possibly  according  to  the  mode  of  their 
ition,  and  that  each  of  thene  may  exist  in  its  correlative  forms  of  acid* 
alkalisdhumin  ;  hut  the  whole  subject  requirea  furtho:^  tnve-tigatioii. 

Acid-albumin,  prepared  by  the  direct  action   of  dilute  acids  on 

tivc  albumins  or  on  muscle-substance,  contains  sulphur,  as  shewn 

the  brown  colouration  which  appears  when  the  precipitate  is  heated 

itb  caustic  pot.osh  in  the  presence  of  basic  lead  acetate.     Alkali* 

>umin,  at  all  events  as  prepared  by  the  action  of  strong  caustic 

(h  or  soda,  does  not  contain  any  sulphur ;  and  the  acid-albumin, 

tpared  by  the  solution  in  an  acid  of  the  neutralisation  precipitate 

such  on  alkali-albumin  solution,  is  similarly  free  from  sulphur. 

5.     Casein. 

Tills  is  the  well-known  proteid  existing  in  milk.    When  freed  from 

It,  and  in  the  moist  condition,  it  is  a  white  friable,  opaque  body.     In 

lost  of  its  reactions  it  corresponds  closely  with  alkali-atbutnin  ;  thus 

i$  readily  soluble  in  dilute  acids  and  alkalis,  and  i^  re-prccipitated 

neutralisation ;  if,  however,  potassium  phosphate  is  present,  as  is 

the  case  in  milk,  the   solution  must  be  strongly  acid  before  any 

precipitate  is  obtained 

Various  reactions  have  at  different  times  been  afidgped  to  casein  as  ehanic- 
tctising  it  from  the  do&ely  allied  body  alkali-albumin.  Later  r^earches  have 
however  in  moDL  case^oist  so  much  doubt  on  these  diflfervnces  that  the  identity 
or  Qoii-identity  of  catdn  and  alkali-albamin  must  still  be  left  an  open 
qaestion. 

Casein,  as  occurring  in  milk,  h.ts  bad  several  reactions  ascribed  to  it,  as 
characteristic  j  but  these  low?  their  importance  on  considering  that  milk  con* 
t^na,  in  iiddition  to  casein,  other  substances  such  as  potaMium  phosphate,  and 
a  narober  of  bodies  which  yield  acids  by  fermentation.  The  ^jresenoe  of 
potassimn  {^osphate  has  an  especial  influence  on  the  reaction  of  ca.'-ein.  In 
the  entire  abtence  of  this  salt,  acetic  add  in  the  smallest  qaantiiics,  as  also 
carbonic  add,  gives  m  precipitate ;   but  if  this  salt  is  present,  carbonic  acid 
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}    for  yellow  light  ;  in  ddole  «lb 
aikalme    solutions,   01—91° ;  a  4 


pves  no  precipitate,  and  acetic  acid  one  only  uhcn  the  siMoo  III 
the  presence  of  free  actd,  and  not  fncnn  that  of  acid  p  liTjiwni 

When  prepared   from  milk  \>y  magnesium    sulphate 
freed  by  aether  from  fats»  and  dissolved  in  waicr.  cash 
specific  rotatory  power  of  -i 
solutions,  of -76**;    in  strong 
hydrochloric  acid,  of-87\ 

Casein  has  been  asserted  to  occur  in  muscle,  in  seioos 
in  blood-serum  (Serum-ca^in).  In  many  cases  it  lui»  prakdbfty 
confounded  with  globulin  (see  Class  III.);  but  blood-wnioi 
muscle-plasma  undoubtedly  contain  an  aJ  kali -album  to  in  additK 
whatever  globulin  may  be  present,  but  the  usual  dcwbt  rsuti 
the  identity  of  this  with  true  casein.  Its  presence  may  be  shci 
adding  dilute  acetic  acid  to  blood-scrum  which  has  been  frtt<J 
globulin  by  a  current  of  carbonic  acid  gAs  ;  a  distinct  [^rcopHi 
thrown  down.  A  substance  similar  to  casein  has  al^o  Ijccts  dnc 
as  existing  in  unslriated  muscle  and  in  the  protoplasm  of  ncrvo<i 

Prepnrathit.     Dilute  milk  with  several  times  its  buJk  of  wwfj 
dilute  acetic  acid  till  a  precipitate  begins  to  appear,  then  ; 
of  carbonic  acid  gas,  filter,  and  wash  the  precipitate  %r»th 
and  aether  :  the  complete  removal  of  the  fat  carried  \\ 
casein  presents   some    diflTicukies,      Magnesium    sulph.i 
saturation  also  precipitates  c^iscin   from    railk  ;  the    prectpitatt 
formed  is  readily  soluble  on  the  addition  of  water. 

Class  111.     GMu litis. 

Besides  the  native  albumins  there  are  a  number  of  native  m 
which  differ  from  ihe  albumins  in  not  being  soiuble  in  distilled  1 
they  need  for  their  solution  the  presence  of  an  appreciable,  thfli 
may  be  a  small,  quantity  of  a  neutral  saline  body  sulIj  a^  ^ 
chloride.  Thus  they  resemble  the  albuminates  in  not  1 
in  distilled  water,  but  differ  from  them  in  being  soluble  in  i. 
chloride  or  other  neutral  saline  solutions.  Their  general  I,  r 
may  be  stated  as  follows. 

They  are  insoluble  in  water,  soluble  in  dilute  (i  p.c)  sottrtk 
sodium  chloride  ;  they  are  also  soluble  in  dilute  acids  and    1 T*     ' 
changed  on  solution  into  acid-  and  alkali -albumin  rcspe- 
saturation    willi  solid   sodium    chloride   of  their   solulioii^^ 
sodium  chloride,  precipitates  most  members  of  this  class. 

I.     Glolmim  {Crystaiiin). 

If  the  crystalline  lens  be  nibbed  up  with  fine  sand,  cjtli 
water  and  fdtered,  the  filtrate  will  be  found  to  contain  at 

•  See  Ktihne,  l^hrb,  «/.  PhysicL  Cktm,,  1868,  S.  565. 
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proteids.      On  passing  a  current   of  carbonic   acid  gas  a  copious 
precipitate  occurs  -,  this  is  globulin. 

The  addition  of  dilute  acetic  acid  to  the  filtrate  from  the  globulin,  gives  a 
predpitaie  uf  alkali-albumin  ;  and  the  filtrate  from  this  if  heated  gives  a 
fmtHer  precipitate,  due  to  serum-albumiti. 

In  its  general  reactions  globulin  corresponds  almost  exactly  with 
the  next  members  of  this  class  (paraglobulin  and  fibrinogen),  but  has  no 
power  to  form  or  promote  the  fomiation  of  fibrin  in  fluids  containing 
the  above-mentioned  bodies,  and  possesses  the  following  special 
features,  i.  According  to  Lehmann,  its  oxygenated,  neutral  solutions 
become  cloudy  on  heating  to  73°,  and  are  coagulated  at  93".  2.  It  is 
readily  precipitated  on  the  addition  of  alcohol  According  to  Hoppc- 
Seyier,  it  is  not  precipitated  on  saturation  with  sodium  chloride^ 
resembling  viiellin  in  this  respect. 

According  to  Ktihnc  '  and  Eichwald  •  a  globulin  with  properties  idcntiail 
with  those  just  given  may  be  precipitated  from  dilute  scrum  by  the  cautions 
addition  of  acetic  acid,  lliis  bixly  is  siatetl  by  WeyP  to  be  the  same  as 
paragtobulin  (hbrinoplastin),  the  latter  diifering  from  it  only  by  a  small 
admijtture  of  fibnn-fermciiL 

2.     Paraghbulin  {FibrincplastiH). 

Preparation,  Blood-serum  is  diluted  tenfold  with  water,  and  a 
brisk  current  of  carbonic  acid  gas  is  passed  through  it.  The  first- 
formed  cloudiness  soon  becomes  a  tlocculent  precipitate,  which  is 
finally  quite  granular,  and  may  easily  be  separated  by  decantation 
and  filtration  :  it  should  be  washed  on  tlie  filter  with  water  containing 
carbonic  acid. 

h  has  usually  been  stated  that  pamglobulin  may  be  separated  from 
scrum  by  saturation  with  sodic  chloride.  According  to  Hammarsten* 
however  this  is  only  in  part  true,  a  considerable  portion  of  the  globulin 
remaining  unprecipitated.  The  separation  may  however  be  completely 
effected  by  saturation  with  magnesic  sulphate*  When  determined  by 
this  method  the  amount  of  paraglubulin  in  serum  is  very  considerable, 
amounting  according  to  Hammarstcn,  to  a^  much  as  4'565  p.  c> 
(reckoned  on  too  cc,  of  serum).  The  quantity  seems  to  vary  in 
different  animals,  the  precipitation  being  much  more  complete  in  serum 
Irom  ox'blood  than  in  that  from  the  blood  of  horses. 

*  Op.  at,  S.  175. 

'  Beiiragt  tur  Vhem,  d.  grwthehild,  Subst.     Berlin,  1 873.     Hf.  I. 
3  Ztitichr.f.  Physiol  Chem.,  Bd.  I,  (1878),  S.  79. 

*  Pfliiger's  AnftiVt  Bd,  xvil.  (187S),  S.  446. 
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From  its  solution  in  dilute  sodic  chloride^  paragtofaqliaiBif  le( 
cipitated  by  a  current  of   carbonic    acid    gsts^    or  tht  a<3^ks 
ex€eedingly  dilute  (less  than  i  pro  mille)  acetic  acid.     U  tbe  xid  • 
strong  enough   to   dissolve  the    precipitated    proteid,   cl^  bctoa 
immediately  changed  into  acid>albumin   (Qass  11. X     In  poie  m 
free  from  oxygen,  paraglobulin  is  insoluble^  but  on  shaking  witn    > 
passing  a  current  of  oxygen,  solution  readily  tak«s  place ;  froni :-. 
may  be  re-precipitated  by  a  current  of  carbonic  acid  gas.     Vtry 
alkalis  dissolve  this  body  without  change  ;    i{,   bowc\'er,  ibe 
of  the  alkali  be  raised  even  to  i  p.  c  the  paraglobulin  is  chanced  J 
alkali-albumin  (Class  II.). 

According  to  Kiihne  and  A.  Schmidt  the  solutions  of  thii  Wfl 
water  containing  oxygen  or  in  very  dilute  alkalis  are  not  coognht^l 
heating.  The  sodic  chloride  solutions  do  however  coagulate 
to  68^ — 70"  C.*,  and  if  the  substance  itself  be   suspended  In 
heated   to  70'^  it  is  coagulated.     Although    insoluble    in  alcobd^n' 
sololions  are  with  difficulty  precipitated  by  this  reagent. 

A  characteristic  test  for  this  body  is  that  it  gives  rise  to  fibrin 
added  to  many  transudations,  e^,  hydrocele,  pericardia^ 
and  pleural  Huids. 

Paraglobulin  occurs  not  only  (and  chiefly)  in  blood^serumi  botkii 
also  found  in  white  corpuscles,  in  the  stroma  of  red  corpasde»  (• 
some  extent  at  least )^  in  connective  tissue,  cornea,  aqueous  InnMii^ 
lymph,  chyle,  and  serous  fluids. 

For  the  occurrence  of  globulin  in  urinc^  see  Kdlefseo*  and  ScmXfxA 

3,  Fibrinogen. 

The  general  reactions  of  this  body  are  identical  with  those  or  fw*- 
globulin.  The  most  marked  difference  between  the  two  is  the  poiatc 
which  coagulation  <5f  their  solutions  takes  place,  Hammarstea  *  te 
shewn  that  hbrinogen  in  a  i — 5  per  cent,  solution  of  scxiic  cUoole 
coagulates  at  from  52" — 55°  C,  whereas,  as  stated  above,  para^ob^ 
(tibrinoplastin)  coagulates  first  at  from  68'' — 70''  C,  The  chanc(e^ 
istic  test  for  its  presence  is  the  formation  of  fibrin  when  its  soluiioQ  il 
added  to  a  solution  known  to  contain  paraglobulin  and  tibrtn-fermcnt. 
Minor  differences  between  the  two  may  be  thus  enumerated  : — In  tk 
preparation  of  fthrinogen,  the  containing  fluid  must  be  much  nwtft 
strongly  diluted,  and  the  current  of  carbonic  acid  gas  must  pass  Ibr^ 
much  longer  time.    The  precipitate  thus  obtained  differs  from  ihit  <W 


'  Hammarsten,  op.  cU. 

«  Cfntrttmatt  /.  d.  med,   frisr.   1870*  S.  J67.     Also  ArrA,  /.  kiU 
Bd.  ^,  S,  69. 

5  Virchow's  Archiv,  Bd.  60,  S,  476. 

*  Vpsala  La^areJbrtniHgs /orhandlittjgar,  Bd«  XL  l8y6L 
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Ltaglobulin  in  that  it  forms  a  viscous  deposit,  adhering  more  closely 

the  sides  and  bottom  of  the  containing  vessel ;   there  is  also  no 

:ciilent  stage  previous  to  the  viscous  precipitate.     Ihe  two  also 

libit  slight  microscopical  differences.     Alcohol  and  aether  both  pre- 

ipitatc  this  body  from  its  solution,   but  the  mixture  of  the  two  (3 

irti  alcohol,  I  part  x-ther)  is  most  effectual 

Fibrinogen  occurs  in  blood,  chyle,   serous  fluids,  and  in  various 
ransuJations. 

Priparation^    This  is  the  same  as  for  paraglobulin,  regard  being 
ad  to  the  pcculiiirities  mentioned  above'. 

There  is  no  proof  thit  the  whoU  of  the  substance  thrown  down  by 

nic  acid  from  diluted  blood-serum  is  fiUi  inoplastic,  indeed  we 

ow  that  a  true  globulin  devoid  of  fibrinoplastic  properties  may  be 

eparcd  from  scrum'.   Wcyl »  considers  that  there  is  only  one  globulin 

scrum,  which  he  characterises  by  the  name  of  *scrum-globuhn,'  and 

ds  fibrinopla^tin   as  a  mixture  of  this  body  with  a  portion  of 

brin-fcrmcnt.     We  know  for  certain  (see  p.  22)  that  the  whole  of  the 

brinoplastic  precipitate,  used  to  cause  the   coagulation  of  a  ftbri^ 

ogenous  fluid,  does  not    enter  into    the  composition  of   the  fibrin 

uced  ;  we  also  know  that  such  a  precipitate  may  lose  its  fibrino- 

Ustic  powers  without  any  marked  change  in  its  general  reactions. 

t  would  seem  advisable  thcrerore  to  speak  of  the  deposit  produced 

carbonic   acid  in   ddutc   scrum,   or   by  saturation    with   sodium 

chloride   in  undiluted  serum,  as  globulin,  and  to  distinguish   it  a* 

fibrinoplastic  globulin  when  it  is  able  to  give  rise  to  fibrin.  Fibrinogen 

similarly  might  be  spoken  of  as  fibrinogenous  globulin.     The  name 

erystallin  rather  than  globulin  might  then  be  given  to  the  substance 

<>btained  from  the  crystalline  lens. 


4.  Myosin* 


This  is  the  substance  which  forms  the  chief  proleid  constituent  of 
dead,  rigid  muscle ;  its  general  properties  and  mode  of  preparation 
have  been  already  described  at  p,  69.  In  the  moist  condition,  it 
forms  a  gelatinous,  elastic,  clotted  mass  \  dried,  it  is  very  brittle, 
slightly  transparent  and  clastic.  From  its  solution  in  a  sodium 
chloride  solution  it  is  precipitated,  either  by  extreme  dilution,  or  by 
saturation  with  the  iolid  salt.  When  precipitated  by  dilution  and 
submitted  to  the  prolonged  a«tion  of  water,  myosin  loses  its  piojierty 
of  being  soluble  in  solutions  of  sodic  chloride^.     The  sodic  chloride 


L 


«  See  Hammarsten.  Pdiigtr's  Afthw^  Bd.  XHC  S.  563. 

*  Kith  no  and  Etchw^d,  /at.  Hi, 

•  Wcyl,  Znt^<\r.f,fkyiiQl  Chfm.  Brf.  I.  {1S78)  S»  17- 
F.  P.  M 
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solution,  if  exposed  to  a  rising  tenip<?rature,  becomes  tninry 
and  gives  a  tlocculent  precipitate  at  60*.      Tliis  precipitate  i«  hi 
no  longer  myosin,  for  it  is  insoluble  in   a  to  p.  c  sodium 
solution,  and  does  not,  until  after  many  days'  digestion^  pcld  sj 
on  treatment  with  hydrochloric  acid  ("i  p.  c).   It  is  In  iiact  c< 
protcid  (see  Chtss  V.). 

Myosin  is  excessively  soluble  in  dilute  acids  and  alkalis  but 
goes  in  the  act  of  solution  a  radical  change,  becoming  in  the  ooe 
acid-albumin  or  syntonin,  in  the  other  aikali-albtimin  (Class  II4 

Like  fibrin^  it  can  in  some  cases  decompose  hydrogen  dioxide,  sad 
gaaiax:um  with  formation  of  n  blue  colour. 

5.   Viiellitt. 

As  obtained  from  yolk  of  egg,  of  wbicli  it  is  the  chief  pnxdd 
stituent,  vilellin   is  a  white  granular  body,    insoluble    in  water, 
very  soluble  in  dilute  sodium  chloride  solutions  \  it  surpasses  03 
in  this  respect,  for  the  solution  may  be  easily  filtered.      Its  coii 
point  is  higher  than  that  of  myosin,  l>nng  according  to  Weyl*. 
70^  C.  and  80*^  C.     Saturation  with  solid  sodium  chloride  gives  no 
cipitate  ;  in  this  respect  it  differs  from  most  other   members  of 
class.     In  yolk  of  egg  vilellm  is  always  associated  with,  and 
exists  in  combination  with,  the  peculiar  complex  body  leciUita  {\ 
p.  768.) 

Denis,  and  after  him,  Hoppe-Seyler,  have  shevrn  tbat  viceliia 
treatment  requisite  to  free  it  from  lecithin,  possetaes  properties  quite 

from  oLber  protcids. 

A  theory  has  been  advanced  that  vitellin  is  really  a  complex  body 
like  haemoglobin,  and  on  treatment  with  alcohol  splits  up  into  C0l£» 
lated  proteid  and  lecithin.  When  well  purified  it  contains  -75  ac 
sulphur,  but  no  phosphorus.  Dilute  acids  or  alkalis  readily  coarttt  ii 
in  its  uncoagulated  form  into  a  member  of  Class  1 1. 

Fremy  and  Valenciennes*  have  dcMzribcd  a  series  of  proteids.  vt«,  ic£^**  ^ 
ichthidin,  &c.,  derived  from  6sh  and  acnphibiaL.  They  appear  to  be  cffte 
identical  with,  or  closely  related  to,  vitellin. 

Preparaiion,  Yolk  of  egg  is  treated  with  successive  qn 
xther,  as  long  as  this  extracts  any  yellow  colouring  m-iiu;  ..i 
residue  is  dissolved  in  moderately  strong  (10  p  c.)  sodium  chlonic 
solution,  and  filtered.  The  filtrate  on  faUing  into  a  large  excess  i^ 
water  is  precipitated.  In  this  stiUe  it  is  mixed  with  lecithin  and 
nuclei  a,  and  in  order  to  free  it  from  these  it  was  u&ually  ireaied  with 
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Icohot.  This,  as  above  stated,  entirely  changes  the  vitellin  into  a 
kgulatcd  form.  It  seems  probable  that  the  separation  of  vitellin 
the  other  bodies  with  which  it  is  mixed  in  the  yolk  of  egg  may 
effected  by  precipitating  the  sodic  choride  solution  by  the  addition 
excess  of  water;  the  precipitate  is  then  re-dissolved  in  lo  p.  c 

»tution  of  sodic  chloride  and  the  process  repeated  as  rapidly  as 
^sibie'. 

6.  Globin. 

Globin,  stated  bj  Prcyer  *  to  be  the  protetd  residue  of  the  complex  body 
loglobin  (see  p.  356),  ought  probably  lo  be  comiidcrcd  as  nn  outlying 
keinlter  of  this  cLUs.  It  is  however  not  readily  soluble  cither  in  dilute  adds 
sodjom  chl  >nde  solutions.     It  is  remarkable  for  being  absolutely  free  from 


Class  IV.    Fibrin, 

Insoluble  m  water  and  dilute  sodium  chloride  solutions ;  soluble 
rtth  difficuhy  in   dilute  acids  and  alkalis,   and  more  concentrated 
neutral  saline  solutions. 
B,  Fibrin,  as  ordinarily  obtained,  exhibits  a  filamentous  structure,  the 

^komponent  threads  possessing  an  ebsttcity  much  greater  than  that  of 
^■any  other  known  solid  protcid. 

^H      If  allowed  to  form  gradually  in  large  mass^,  the  iilanientous  Ktmcture  is 
^^not  so  nciticeable,   and  it  resembles  in  this  form  pure  india-rubber.     Such 
lumjis  uf  Abrin  are  capable  of  being  split  in  any  direction,  and  no  definite 
If  of  ptu^el  bundles  nf  fibres  can  be  made  out. 

At  ordinary  temperatures  fibrin  is  insoluble  in  water»  being  dissolved 

ily  at  very   high   temperatures,   and   then  undergoing  a  complete 

in  its  characters      In  hydrochloric  acid  solutions  of  r — 5  p.  c 

in  swells  up  and  become*  transparent,  but  is  not  dissolved  *.     In 

Its  condition  the  mere  removal  of  the  acid  by  an  excess  of  watcr« 

^utralisation,  or  the  addition  of  some  salt,  causes  a  return  to  the 

original  state.     If,  however,  the  acid  be  allowed  lo  act  for  many  days 

at  ordinary  lempcmturcsor  for  a  few  hours  at  40''— 60%  solution  takes 

place,  and  the   resulting  protcid  is  syntonin.     In  dilute  alkalis  and 

ammonia^  fibrin  is  much  more  readily  soluble,,  though  in  this  case  nlsa 

the  solution   is  greatly  aided  by  warming  ;  the  resulting  fluid  contains 

no  longer  fibrin,  but  alkali-albumin.     This  property  is  not  distinctly 

^^chanicieristic  of  fibrm,  although   it  dissolves  perhaps  more  readily  in 

Bboth  dilute  acids  and  alkalis  than  do  coagulated  protcids.  None  of  these 

'Solutions  cah  be  coagulated  on  heating,  which  is  tntdligibic  when  it 

•  Weyt,  ^p.  cit.  S.  74.  •  />'/  ffMJhrxtUt/ft{injt\,  S,  rf^ 

*  ComplHe  M^lufian  may  however  Uke  place  If  the  fitvin  cmt 
Svc  note,  p.  2S4. 
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remembered  that  they  no  longer  contain   fibrin,  but  eitber  i 
alkali -albumin.     In  addition  to  the  above,   fibrin  is  saitdile, 
with  difficulty  and  only  after  a  considerable  lime.  In  f  o  p.  c. 
of  sodium  chloride,   potassium  nitrate  or  sodium    sulplute. 
solutions  may  be  coagulated  by  a  temperature  of  60*  ;  in  fact,  bf 
action  of  the  neutral  saline  solutions  the  fibrin  hsLs  become 
into  a  body  exceedingly  like  myosin  or  globulin. 

On  ignition  of  fibrin  a  residue  of  inor^ganic  matter  b  ahitjl 
obtained;  it  is,  however,  considered  that  sulphur  is  the  aaly  OM^ 
these  elements  which  enters  essentially  into  its  compositt(Mi,  In  athet 
respects  iibrin  corresponds  entirely  in  general  composition  with  ocha 
proteids. 

Suspended  in  water  and  heated  to  70**,  it  loses  its  rhffttcity,  ai 
becomes  opaque ;  tt  is  then  indistinguishable  from  otber  co^^hiei 
proteids. 


A  peculiar  property  of  this  body  remains  ytet  to  he 
power  of  decomposing  hydrogen  dioxide.  Pieces  of  fibrin  placed  In  thm  Bad, 
though  themselves  undergoing  no  change,  soon  become  covered  with  lobliA 
of  oxygen  ;  and  guaiacum  is  turned  blue  by  fibrin  in  presenoe  of  Ikf^n^ea 
dioxide  or  ozonisted  turpentine.  In  the  language  of  Schdnbetn's  ihmfr  S^ 
is  an  ozone-bearer. 

Prepamtion.     Either  by  washing  blood-clots,  or   whip     : 
with  a  bundle  of  twigs  and  then  washing.     If  required  qun 
it  should  be  prepared  from  plasma  free  from  corpuscles.      If  the  blood, 
before  whipping,  be  diluted  with  an  equal  bulk  of  water,  the  sybsequea 
washing  of  the   fibrin  is  much  facihtated,   and  it  may  rcadilf  l» 
obtained  quite  white. 

When  globulin,  myosin,  and  fibrin  are  compared  with  «^ach  other, 
it  will  be  seen  that  they  form  a  series  in  which  myosin  is  i ntenT>cdiai4 
between  globulin  and  fibrin.  Globulin  is  excessively  soluble  In  eva 
the  most  dilute  acids  and  alkalis  ;  fibrin  is  almost  insoluble  in  thee* 
while  myosin,  though  more  soluble  than  fibrin,  is  less  soluble  f!bm 
globulin.  Globulin  again  dissolves  with  the  greatest  ease  in  a  tery 
dilute  solution  of  sodium  chloride.  Myosin,  on  the  other  hand,  dt»* 
solves  with  difficulty  ;  it  is  much  more  soluble  in  a  toper  cent,  than  m 
a  one  per  cent,  solution  of  sodium  chloride ;  and  even  tn  a  10  per 
cent,  solution  the  myosin  can  hardly  be  said  to  be  dissolved,  so  viscid 
is  the  resulting  fluid  and  with  such  difficulty  does  it  filter.  Pibiia 
again  dissolves  with  great  difficulty  and  vcr>'  slowly  in  even  a  to  |»er 
cent,  solution  of  sodium  chloride,  and  in  a  one  per  cent,  solution  11  ^1 
practically  insoluble.  When  it  is  remembered  that  fibrin  and  rnyosa 
are,  both  of  them,  the  results  of  coagulation,  their  similarity  11 
tclligiblc.  Myosin  is  in  fact  a  somewhat  more  soluble  form  of  fibns« 
>osited  not  in  threads  or  filaments  but  in  clumps  and  masses. 


CHEMICAL 
Class  V,     Caa^Iatfd  Proi^ds. 

These  are  insoluble  in  water,  dilute  acids  and  alkalis,  and  neutral 
salme  solutions  of  all  strengths*  In  fact  they  are  really  soluble  only 
in  strong  acids  and  strong  alkalis,  though  prolonged  action  of  even 
dilate  acids  and  alkalis  will  effect  some  solution,  especially  at  high 
temperatures.  During  solution  in  strong  acids  and  alkalis  ade>truclivc 
decomposition  takes  place,  but  sorae  amount  of  acid*  or  alkali-albumin 
is  alwayii  produced. 

Very  little  is  known  of  the  chemical  characteristic*  of  this  class 
They  are  produced  by  heating  to  70^,  solutions  of  egg-  or  scrum- 
jUbumin,  globulins  suspended  in  water  or  dissolved  in  salme  solutions, 
fibrin  suspended  in  water  or  dissolved  in  saline  solutions,  or  precipitated 
acid*  and  alkali-albumin  suspended  in  water.  They  arc  readily  con- 
verted at  the  temperature  of  the  body  into  peptones,  by  the  action  of 
l^lric  juice  in  an  acid,  or  of  pancreatic  juice  in  an  alkaline  medium. 

Class  VI.     Peptones, 

Very  soluble  in  water,  and  not  precipitated  from  their  aqueous 
solutions  by  the  addkion  of  acids  or  alkalis,  or  by  boiling.  Insoluble 
in  alcohol,  they  are  precipitated  with  difficulty  by  this  reagent,  and  arc 
unchanged  in  the  process  ;  they  differ  from  all  other  protcidf  in  not 
being  coagulated  by  exposure  to  alcohol.  They  are  not  precipitated 
by  cupric  sulphate,  ferric  chloride,  or  except  in  the  instances  to  be 
mentioned  presently,  by  potassium  ferrocyanide,  and  acetic  acid,  In 
these  points  they  differ  from  most  olher  proteids.  On  the  other  hani, 
precipitation  is  caused  by  chlorine,  iodine,  tannin,  mercuric  chloride, 
nitrates  of  mercury  and  silver,  and  both  acetates  of  lead  ;  also  by 
bile-acids  in  an  acid  solution.  In  common  with  all  proteids,  these 
bodies  possess  a  specific  Izvo-rotatory  power  over  polarised  light ;  but 
they  difTcr  from  all  other  proteids  in  the  fact  that  boiling  produces  no 
change  in  the  amount  of>^ rotation. 

A  solution  of  peptones,  mixed  with  a  strong  solution  of  caustic 
potash  gives,  on  the  addition  of  a  mere  trace  of  cupric  sulphate,  a  red 
colour.  An  excess  of  the  cupric  salt  gives  a  violet  colour,  which 
deepens  in  tint  on  boiling,  in  fiact  the  ordinary  proteid  reaction.  Other 
proteids  simply  give  the  violet  colour  But  the  most  characteristic 
feature  of  peptones  is  their  extreme  diffusibility,  a  property  which  they 
alone,  of  all  the  proteids,  may  be  said  to  possess,  since  all  other  forms 
of  proteids  pass  through  membranes  with  the  greatest  diffictiliy, 
if  at  all. 

Notwithstanding  their  probable  formation  in  large  quantities  in  the 
stomach  and  intestine,  to  judge  from  the  result  of  artiftcial  digestion, 
a  very  small  quantity  only  can  be  found  in  the  contents  of  these 
organs,   or  in  the  chyle.     They  are    probably  absorbed  as  sootv 
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formed^  Another  point  of  interest  is  their  reconversion  HMO  ^Iv 
forms  of  protcids,  since  this  must  occur  to  a  great  e:^tcnt  m  the  Wf. 
We  are  however  as  yet  ignorant  of  the  rnAnner  in  which  tt*  mr-- 
change  is  effected. 

Pradrnfion  All  proteids,  with  the  exception  of  lardAC«v«  y«i 
peptones  (and  other  products)  ontrcatniem  with  acid  gastric  or aJkaks 
pancreatic  juice,  most  readily  at  the  temperature  of  .the  humttbody. 
Peptones  are  likewise  produced,  in  the  absence  of  pepsin  jwdlJ)|M^ 
by  the  action  of  dilute  and  moderately  strong  acids  at  tnediuin  tCMpo^ 
tures,  also  by  the  action  of  distilled  water  at  very  high  tempentsm 
and  great  pressure.  For  various  methods  of  preparing  pepCcoM,  M 
Adamkiewicz  •  and  Hcnninger', 

No  exact  difference  in  percentage  composition  between  pummd 
and  the  proteids  from  which  they  are  formed  has,  at  pr«ie&t»tei 
established. 

We  have  used  the  phrase  'peptones*  in  the  pluraj  nt— ^ —  '— -^ 
wc  have  reason  to  think  that  more  than  one  kind  of  i 
Meissner  ^  described  three  peptones,  naming  them  respcc..  . 
and   C-peptone,     He  distinguished  them  as  follows.     A'\k 
precipitated  from  its  aqueous  solutions  by  concentrated  nitric  - 
also  by  potassium  ferrocyanide  in  the  presence  of  e>*en  wen 
acid.     B-peptone  is  not  precipitated  by  concentrated    nitric  aad»* 
will   pots.ssiiim  ferrocyanide  give  a  precipitate  u^iless  a  considen&i 
quantity  of  strong  acetic  acid  be  added  at  the  same  time,     C-prptdIt 
is  precipitated  neither  by  nitric  acid  nor  by  potassiam   fcrroo^iA 
and  acetic  acid,  whatever  be  the  strength  of  the  acetic  acid.     In  pba 
however  of  speaking  of  all  these  as  peptones,  it  is  belter  to  cot^Ai 
Opeptone  as  the  only  real  peptone,  and  the  A-  and  B-pcptones  aifli 
peptones  at  all.     Nevertheless  we  have  reason,  from  the  re<»cAfCJ«id 
Kiihne,  to  speak  of  more  than  one  peptone,  viz.  of  a   heniipepcoiK 
which  is  capable  under  the  action  of  trypsin  of  being  converted  ctx 
leucin  and  tyrosin*  and  of  an  anttpcptone  which   resists  su* 
composition.     The  name  anti peptone  is  given  to  the  latter  on   i  >     , 
of  this  resistance  which  it  offers  to^ ards  tripsin  ;  the   name  hent- 
peptone,  given  to  the  fonncr,  signifies  that  this  peptone  is  the  twiaft 
correlative  half  of  antipepione. 

Wc  have  seen  (p.  24S)  that   when   any  proteid  Is   digest  <*<1  * 
pepsin,   what   we   may   preliminarily   call   a   bye-produ't    n 
appearance.     This  bye-product,  which  has  many  resemblances 
albumin  or  synionin,  appearing  as  a  neutralisation  precipitate   -<! 
in  dilute  acids  and  alkalis  but  insoluble  in  distilled  water,  is  geuetMit 

'     £>if  iVatmr  u,  Ndhrufirth  d.  Pistons  (1S77),  S.  33. 

'     Dt  la  Mature  a  du  KdU physiotogiqut  dei  F^pti^ft'-t^  Pans,   i^8w 

*    ZHtuhr^f,  rat,  Med.,  fcde,  vu,,  Viii.,  X.,  XJl.  uodxrv. 
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Spoken  of  as  parnpcptone.  According  to  Finkler*  this  neutralisation 
precipitate  is  especially  abundant  if  the  |>cp5tn  be  previous!)-  modiHod 

exposure  to   a  temperature   of  40®   to  60*  C.     The  pepsin   thus 

li6ed  is  spoken  of  by  Finkicr  as  '  isopepsin/  Many  authors  regard 
parapcptone,  syntonin,  and  acid-albumin  as  bcinj?  the  same  thing, 
Bteissncr  however  gave  the  name  parapcptone  to  a  body,  which  need 
not  and  probably  does  not  make  its  ap|>carance  during  normal  natural 
digestion  or  during  artificial  digestion  with  a  thoroughly  active  pepsin, 
but  which  15  fonned  when  protcids  are  subjected  to  the  action  of  wcik 
hydrochloric  acid,  either  alone  or  in  company  with  an  impcrfectly- 
ACting  pepsin,  and  which  in  certain  characters  is  quite  distinct  from 
ordinary  syntonin  or  acid-albumin.  Its  distinguishing  feature  n  that 
it  cannot  be  changed  into  peptone  by  the  action  of  even  the  roost 
energetic  pepsin,  though  it  is  readily  so  converted  under  the  influence 
of  tr>*p5in ;  otherwise  it  very  closely  resembles  syntonin.  We  have 
here  an  indication  that  the  simple  characters  by  which  we  have 
described  acid-albumin  may  be  bonie  by  bodies  having  marked 
differences  from  each  other.  The  researches  of  Kiihne,  to  which  we 
bavc  briefly  referred  in  the  text  (p.  262),  have  thrown  an  important 
light  on  these  differences.  The  fundanienial  notion  of  Kuhne's  view 
is  that  an  ordinary  native  albumin  of  librin  contains  within  itself  two 
lesiducs*  which  he  calls  reipectively  an  anti- residue  and  a  hemi-residue. 
The  result  of  cither  peptic  or  tryptic  digestion  is  to  split  up  the 
albumin  or  fibrin,  and  to  produce  on  the  part  of  the  anti-residue  anti- 
pcptonc,  and  on  the  part  of  the  hemi-rcsidue  hemipeptone,  the  latter 
being  distinguished  from  the  former  by  its  being  susceptible  of  further 
change  by  tr\ptic  digestion  into  leucin,  t>Tosin,  &c.  Antipeptonc  re- 
mains as  antipeptonc  even  when  placed  under  the  action  ol  the  most 
powerful  trypsin,  provided  putrcfraciivc  changes  do  not  intervene. 

Before  the  stage  of  peptone  (whether  ami-  or  hemi-)  is  reached, 
there  is  an  intermediate  stage  t.urresponding  to  the  formation  of 
syntonin.  In  both  normal  peptic  and  tryptic  digestion  antipeptonc  is 
preceded  by  an  anti-albumose,  and  hemipeptone  by  a  hcmi-albumosc. 
Of  these  the  anti-albumose  is  closely  related  to  syntonin,  and  has 
hitherto  been  regarded  as  syntonin.  The  hemi-albumosc  has  not  been 
so  frequently  observed  ;  it  was  however  isolated  by  Mcissner  ;  it  is 
apparently  the  body  called  by  him  A-peptone*  It  possesses  a  peculiar 
feature  in  being  soluble  at  about  70"  C,  and  being  re-pretipitaicd  on 
cooling  ;  in  this  respect  it  closely  resembles  a  pnneid  body  obscr\'ed 
by  liencejoncs  in  the  urine  of  ostcomala.ia.  It  approaches  n^yosin 
in  being  readily  soluble  in  a  10  per  cent,  solution  of  sodium  cMoridc. 

If  however  albumin  be  digested  with  msuffictcnt  or  with  imperfectly 
acting  pepsin,  or  simply  with  dilute  hydrochloric  acid  at  4o\  anii* 

■  Pfli^ef's  Are  Aw,  xiv.  (1877)  S.  12S. 
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albumose  is  not  formed,  but  in  its  place  a  bcwiy  makes  its  i| 
which  Kiihne  calls  anti-albumate*.     Its  chararterisiic  property  ii  I 
it  cannot  be  converted  by  peptic  digestion  into  peptone,  thot^ttj 
be  so  changed  by  tryptic  digestion.     It  is  in  fact  the  porapcfUKi 
Meissncr. 

It  may  perhaps  be  advisable,  now  that   Meissner's 
cleared  up,  to  reserve  the  name  parapeptoae  for  the  initaal 
both  peptic  and  tryptic  digestion,  to  speak  of  anti-albumose  snd ! 
albumose  as  being  both  parapeptones.     But  in  this  S4 
will  be  an  intermediate  and  not  a  collateral  product  of  digestion. 

Meiisner  also  described  a  particularly  insoluble  form  of  bis 
peptone  as  dyspeptone,  and  another  intermediate  product  as 
peptone;  but  further  investigation  of  both  these  bodies,  as  well  u4\ 
his  B-peptone,  is  necessary.     Under  the    influence  of  dilute  hvA*-^ 
chloric  acid,  anti-albumate  becomes  changed  into  a  body  which  Kiiliap 
calls  anti-albumid  and  which  seems  identical  with  the  very  insoiflft 
proteid  described  by  Schiitzenberger  as  *hemiprotein/  and  pmbtyv 
with  Meissner's  dyspeptone.     The  same  body  is  produced  at 
company  with  products  belonging  to  the  hemi-group  by  the 
3  to  5  per  cent,  sulphuric  acid  on  native  albumin  or  fibrin,     Tht^ 
lowing  table  shews  the  relations  and  genesis  of  the  bodies  we  hmf 
just  described.     The  several  products  (antipeptone,  &c,)  arc  gives  it 
duplicate,  on  the  hypothesis  (which  though  not    proved  is  prulaM, 
that    the   changes   of  digestion   are  essentially    hydrolytic   ch,i— ^ 
accompanied  by  dcdupHcation,     That  just  as  a  molecule  ct    r 
splits  up  into  at  least  two  molecules  of  dextrose,  or  as  a  mule    i 
cane-sugar  splits  up  into  a  molecule  of  dextrose  and  a  mole  ^.i    ' 
levulose,  so  a  molecule  of  antialbuniosc,  for  instance,  splits  ;  i 
two  molecules  of  antipeptone,  and  so  on»     But  the  whole  schc!.c 
course  only  provis'onaL 


Decomposition  or  Proteids  by  Digestion. 
Albumin, 


Antialbumose. 


Antipeptone.        Antipeptone. 


Hemialbumose 

! 

Hemipepton e,    H  cim  peptone. 


(  ^  « 1 

Leucin.  Tyrosin.  Leucin.  Tyrosin, 
etc,  etc, 

'  Ad  alhamate  must  not  lie  confounded  with  an  albumiHoi*^ 


I 


Class  VII.    Lardaceiny  or  the  sth^cUUd  amyloid  tuhstance. 

The  substance  to  vvhtch  the  above  name  is  applied,  is  found  as  » 
deposit  in  the  spleen  and  liver,  also  in  numerous  other  organs,  such  a* 
the  blood-vessels,  kidneys,  lungs,  &c* 

It  Is  insoluble  in  water,  dilute  acids  and  alkalis,  and  neutral  saline 
solutions. 

In  centesimal  composition  it  is  almost  identical  with  other  proteidi  V 
VJt  :— 

O.udS.  H.  K.  C 

34'4  7.0  15^  53-6 

The  sulphur  in  this  body  exists  in  the  oxidised  state,  for  boiling; 
with  caustic  potash  gives  no  sulphide  of  the  alkali.  The  above  results 
of  analysis  would  lead  at  once  to  the  ranking  of  lardacein  as  a  pro- 
leid,  and  this  is  borne  out  by  other  facts.  Strong  hydrochloric  acid 
converts  it  into  acid  albumin,  and  caustic  alkalis  into  alkali-albumin. 
On  the  other  hand,  it  exhibits  the  following  marked  dififerences  from 

tio,  S.  350^  and  Friedreich 


*  C.  Schmidt,   Ann.  d,  Chrm  «.  Pharm.,  Bd. 
and  Kckule,  Virchow's  j4rfk,v,  Ikl.  t6,  S.  Jo. 


J 


1 

^^^^""           latter  is  one  of  the  cnidal  tests  for  a  true  tnri 
^H                       group.      According  to    Heschl*  and  Comil*    a 
^H                     aniltn)  colours  krdaceous  tissue  rosy  red^  but  sou 

HI                               The  colours  mentioned  above,  as  being  produced 
^H                         acJd^  are  much  dearer  and  brighter  when   the   reAgeii 
^1                         purified  lardacein.     When  the  reagents  are  applied   to 
^■|>                        its  normal    posUiou  ia  the  tissues,  the  colours  obtains 
^Km                       dirty- looking.                                                                ^Hl 

^H                           Purified  lardacein  Is  readily  soluble  in  modflRH 
^M                      and  can,  by  evaporation,  be  obtained  from  this  sd 
^H                      tou^h  gelatinous  dakes  and  lumps  ;  in  this  form  it  j 
^Hf                    only  with  iodine.     If  the  excess  of  ammonia  is  t 
^H                      becomes  neutral,  and  is  precipitated  by  dilute  aciJ 
^H                            PrtparatioH,     The  gland  or  other  tissue  cotl 
^■l                     cut  up  into  small  pieces,  and  as  much  as  possibU 
^^tt                    tissue  removed.    The  pieces  are  then  extracted 
^B|                     water  and  dilute  alcohol,  and  if  not   thus  rend 
^H'                    repeatedly  boiled   with   alcohol   containing  hydr 
^■1                      residue  after   this  operation  is  digested  at  40", 
^^U                     gastric  juice    in   excess.      Everything  except    U 
^H|                     quantities   of  mucin,  nuclcin,   keratin,  together  w 
^^H                    the  elastic  tissue^  will  thus  be  dissolved  and  re 
^H|                   latter  impurities  it  may  be  separated  by  decant 
^11                    powdered  substance. 

^^^^H 

^^^■^^^^^^^^^^■^^^^^^^^^H 
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proteid,  or  in  what  manner  these  several  residues  are  contamed  in  the 
undecomposcd  substance.  It  is  unnecessary  to  give  h<fre  any  of  the 
fonnul3B,  nearly  all  empirica!,  which  have  been  made  to  represent 
these  bodies ;  they  all  give  with  equal  exactitude  the  percentage  com- 
position, but  beyond  this  they  are  untrustworthy  Of  the  various 
attempts  which  have  been  made  to  assign  to  proteids  some  definite 
molecular  structure,  none  appear,  at  the  present  stage  of  information, 
suiBcicntly  reliable  for  general  acceptance. 

Among  the  most  elaborate  labours  in  this  direction  may  be  mentioned  ^ho^e 
of  Illasiwctz  and  Haberman.  In  their  first  publication',  starting  from  the 
general  similarity  of  the  products  of  decomposiiion  of  the  proteids  and  carbo- 
hydratesL  they  tried  to  establish  a  defimtc  relation  between  the  two  classes  of 
bodies.  In  this  they  were  not  ^ucccsiful,  and  from  their  second  research*  they 
come  to  the  conclusion  that  the  carbuhydrates  take  no  part  in  the  formation  of 
the  proteids. 

Other  eicperiments  in  the  same  direction  are  due  to  Schutzenberger^.  He 
thews  that  albumin  can  be  decomposed  into  carbonic  anhydride  and  ammonia, 
and  thai  the  ratio  of  these  two  is  the  same  as  though  urea  hud  been  the  body 
ou  which  he  operated  From  this  he  concludes  that  '*the  molecule  of  albumin 
contains  the  gruuping  of  urea  and  represents  a  complex  ureide."  In  his 
secrjnd  publication  *  he  confirms  his  previous  results^  ilating  that  the  ammonia, 
ctirhonic  anhydride  and  oxalic  acid,  produced  by  the  decomposition  of  pioieids, 
arc  so  cunnccted  quantitatively  as  to  be  capable  of  derivation  from  varying 
proportions  of  urea  and  oxamide.  He  als-o  ob-ained  from  the  decomposition 
of  proteids  a  nitrogenous  residue  which  uonld  be  formulated  as  giving  rise  to 
all  the  amidatcd  acids  and  other  bodies  spoken  of  above.  Thus  according  to 
him,  albumin,  built  up  as  a  ccmplei  ureMe,  decomposes  into  ammonia, 
carbonic,  oxalic,  and  acetic  acids,  and  this  mlrogenous  body :  this  last  then 
gives  rise  to  the  other  products  of  devumposition*. 

It  will  be  notieed  that  in  the  general  description  of  the  various 
proteids,  distinctive  reactions  for  each  could  not  be  given,  but  that 
v*r>'ing  solubditics  were  the  chief  means  at  our  disposal  for  distin- 
guishing them.  They  may  be  arranged  according  to  their  solubilities 
in  the  following  tabular  form  :— - 

SelubU  in  distilled  waltr: 

Aqueous  solution  not  coagulated  on  boiling  .  Peptones. 
Aqueous  solution  coagulated  on  boiling Aibumitis. 

*  Arm.  d.  Cktm,  u.  Pharm.  Bd.  IS9»  S*  304. 
»  Ibid.  Bd   i69»  S.  150. 
S  C&mpta  Rendu i,  T.  So,  p,  232, 

*  Ihid.  81,  p.  1108, 
5  See  also  Schiittcnbcrgcr,  Ann,  df  Cknn,  't.  (1S79), 

pw  38a 


Insoluble  in   HG  'i   per  cent,   io  the 
cold,  but  soluble  at  60* 

Insoluble  in  H  CI  'i  per  cent,  at  60*  ;  soli 

Soluble  in  gastric  juice  ..., 

Insoluble       >,         „ 

Such  a  classification  is,  however,  obviously  a| 
useful  for  temporary  purposes,  but  in  no  way  il 
relations  of  the  several  members.  Nor  is  a  divisi 
'derived*  proteids  much  more  satisfactory.  It 
thus  put  together  serum-  and  egg-albumin,  with 
fibrin,  on  the  one  hand ;  and  peptones,  coag! 
acid-  with  alkali-albumin,  on  the  other.  But  in 
consider  casein,  seeing  that  though  a  natural  pr< 
resemblances  to  alkali-albumin?  Moreover  the  sy 
must  be  useless  which  would  place  hbrinoplasti 
nogen  in  the  same  class  as  fibrin,  and  yet  we 
either  of  the  two  former  bodies  as  derived  prote 
true  that  when  fibrin  is  converted  into  peptone  the 
former  is  split  up,  with  assumption  of  water,  into  t 
of  the  latter,  one  belonging  to  the  *anti '  and  tlie 
group,  we  might  speculate  on  a  possible  classified 
into  hemi -proteids,  anti-proteids,  and  holo-pro 
egg-albumin,  myosin,  and  fibrin  would  be 
peptones  either  anti-  or  hemi-proteids,  and 
guish  probably  in  the  heterogeneous  group  of  d 
anti-,  hemi-,  and  holo-proteid  members.  It  is 
that   iibrinoplastic  and    fibrinogenous  globulin 
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ley  yield,  yn  der  hydrolytic  treatment,  large  quantities  af  leu  cm  and 
some  cases  tyrosin.     They  are  all  amorphous. 

Mucin    (0,3575.     H,  G'Si.     N,  8-50.    0,48*94.') 

The  characteristic  component  of  mucus.  Its  exact  composition  is 
not  yet  known,  the  figures  given  above  being  merely  an  approximation. 

As  occurring  in  the  normal  condition  it  gives  to  the  fluids  which 
contain  it  the  well-known  ropy  consistency,  and  can  be  precipitated 
firom  these  by  acetic  acid,  alcohol,  alum  and  mineraJ  acids  ;  the  latter, 
if  in  excess,  redissolve  the  precipitate,  but  this  is  not  the  case  with 
acetic  acid.  In  its  precipitated  form  it  is  insoluble  in  water,  but  swells 
up  strongly  in  it,  and  this  effect  is  increased  by  the  presence  of  many 
alkali  salts.  Alkalis  and  alkaline  earths  dibsolve  it  readily.  Its  solu- 
tions do  not  dialyse  ;  they  give  the  proteid  reactions  with  Millon's 
reagent  and  nitric  acid,  but  not  that  with  sulphate  of  copper,  and  are 
precipitated  by  basic  lead  acetate  only  when  neutral  or  faintly  alkaline. 
According  to  Eichwald^  when  heated  with  dilute  mmeral  acids,  mucin 
yields  acid-albumin,  and  another  body  which  in  many  of  its  properties 
closely  resembles  a  sugar ;  it  reduces  solutions  of  cupric  sulphate.  Pro- 
longed boiling  with  sulphuric  acid  gives  leucin  and  about  7  p.  c.  of 
tyrosin. 

f  Preparation,  From  ox-gall,  by  precipitation  with  alcohol,  redis- 
Iving  in  water  and  precipitating  with  acetic  acid.  It  may  also  be 
Ivantageously  obtained  from  snails^  or  the  subma.xillary  gland  of 
cox*. 


Chondrin.    (0,3104.    11,676.    N.  13-87,    €,4774.   S,  •6op.c.)*. 


This  is  usually  regarded  as  forming  the  essential  part  of  the  matrix 
of  hyahne  cartilage,  and  is  contained  in  the  interstices  of  the  fibres  in 
clastic  cartilage.  A  similar  substance  can  be  prepared  from  the  cornea. 
Boiled  with  water,  it  dissolves  slowly,  forming  an  opalescent  solution, 
which  is  precipitated  by  acetic  acid,  lead  acetate,  dilute  mineral  acids, 
alum,  and  salts  of  silver  and  copper ;  an  excess  of  the  last  four  reagents 
rcdissolves  the  precipitate.  Solutions  of  this  body  gelatinise  on  standing, 
even  if  very  dilute  ;  the  solid  mass  is  insoluble  in  cold  water,  readily 
soluble  in  hot  water,  alkalis  and  ammonia. 

The  aqueous  and  alkaline  solutions  of  chondrin  possess  a  left- 
handed  rotatory  power  on  polarised  hght  of  —213*5*;  "^  presence  of 

•  Eichwald,  Ann.  d,  Ch*m.  u.  Pham*.,  Bd.  1 34,  S.  193. 

•  Op,  cit, 

>  Eichwatd.  <^.  o/.  and  Chm,  Ccnfrath.,  r866.  No.  14. 
<  Staedelcr,  Ann.  d,  Ckem.  «.  /'  \^\ 

J  I.  V*  Meriug,  BHtrag  *Hr  thtfn 
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excess  of  alkali  this  becomes  — 552^%  both  measured  bam 

light 

It  secms^  according  to  the  observations  of  many,  tbitdiQlidnsaivl 
by  healing  with  hydrochloric  acid,  be  converted   into  a  bwl^ 
reactions  resemble  those  of  syntonin,   and  another  substaace, 
like  the  similar  product  from  muctn»  so  for  resembles  grape -stprte- 
it  reduce   cupric  sahs  in  alkaline  solution  '  :    it  appears  hovew  tt 
contain  nitrogen.     A   recent  observer'  has  dented  the  existeace  i 
chondrin  as  a  distinct  substance  and  regards  it  as  tn  all  casts  a  as 
mixture  of  other  bodies.     He  states  that  a  substance  haviai)!  all  tti 
reactions  of  the  so-called  chondrin,  may  at  any   time  be  r'nKlmdW 
a  mixture  of  mucin,  giutin  and  inorganic  salts.      The  l 
larit)  in  the  reactions  of  chondrin  and  mucin  point  to  a 
ship  between  the  two.     The  whole  subject,  however, 
complete  investigation.     With  alkalis  or  dilute   sulphur 
drin  gives  leuctn,  but  no  tyrosin   or  glycocolL     Wbct 
exists  as  such  in  cartilage  is  uncertain  ;  it  seems  probaL 
not,  since  its  extractfon  from  cartilage  requires  an  amou 
with  water  much  greater  than  that  requisite  to  dissolve  di 

Preparation.    From  cartilage  by  extracting  with  water,  and  po 

pitating  with  acetic  acid. 


H,  7I5-     N,  «S  32,     C,  507<k  % 


Glvtin  or  Gelatin.    (O,  23-21, 
•56  p.c.) 

This  is  the  substance  which  is  yielded  when  connective  ti: 
are  heated  for  several  days  with  very  dilute  acetic  acid,  at  a 
ture  of  about  15°  C,  or  when  they  are  treated  with  water  in  a  digaift 
The  elastic  elements  of  connective  tissue  are  unaffected  by  the 
treatment. 

As  obtained  in  this  way  giutin  is  when  heated  a  thin  fluid,  slif 
fying  on  cooling  to  the  well-known  gelatmous  form..    When  6tnA 
a  colourless,  transparent,   brittle  body,  swelling  up,    but    rcmai&a^, 
undissolved  in  cold  water  ;  heating,  or  the  addition  of  traces  otf 
or  alkalis,  readily  effects  its  solution.     When  dissolved    in  water  s 
possesst^s  a  Iffivo-rotatory  power  of  —  130',  at  30°  C  ;   the  addition  tf 
strong  alkali  or  acetic  acid  reduces  this  to  —  J 12*  or  —  114' 
measured  for  yellow  lights     lis  solutions  will  not  dialyse. 

Mercuric  chloride  and  tannic  acid  arc  the  only  two  reagents 
yield  insoluble  precipitates  with  this  body.     Its  presence  prevents  At 


«  De  Bary,  Hoppc-SeyJer's  Umtrrsuek,  Hft  1.  S,  71, 
■  Morochowetz,  Vtrkamd,  naturAut,  med,   fTr,  iietdettfcrg^^  BdL    r, 
Hft.  5. 

•  Hoppe-Scyler,  Hiibk.  S    222. 
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action  of  Trommcr's  sugar  test,  since  it  readily  dissolves  up  the  pre- 
cipitated cuprous  oxide.  The  proteid  reactions  of  glutin  are  so  feeble 
that  (hey  are  probably  due  merely  to  impurities.  Heated  with  sxdpburic 
add  it  yields  iimmunia^  leucin  and  giycin,  but  no  tyroiin. 

It  apjicars  improbable  that  glutin  exists  ready  formed  in  connective 
tissue  librci,  sin.^e  these  do  not  swell  up  in  water,  and  only  yield  glutin 
mhcT  prolonged  treatment  with  boiling  water  ;  to  which  it  may  be 
added,  that  while  glutin  is  acted  upon  by  trypsin,  the  connective  tissue 
fibres  in  their  natural  condition  resist  its  action  (see  p.  262), 

£/as/iH.     (O,  20s.     H,  7*4     N,  167.    C,  sssp.c.) 


I 


I 


This  characteristic  component  of  elastic  fibres  is  left  on  the 
removal  of  all  the  ^utin,  mucin,  Jkc.^  from  such  tissues  as  "  liga- 
mcnlum  nuchuf,"  advantage  being  taken  of  its  not  being  altered  when 
It  is  heated  with  water,  even  under  pressure,  with  strong  acetic  acid, 
or  with  dilute  alkalis.  When  moist  it  is  yellow  and  elastic,  but  on 
drying  becomes  brittle.  It  is  soluble  in  strong  alkalis  at  boiling  tem- 
peratures^ and  concentrated  sulphuric  and  nitric  acids  dissolve  it  cvi*n 
in  the  cold.  It  is  precipitated  from  solutions  by  tannic  acid,  but  not 
by  the  addition  of  ordinary  acids.  Notwithstanding  that  it  cloiiely 
approaches  the  proteids  in  its  percentage  composition,  and  gives 
distinct  although  feeble  proteid  reactions,  any  very  close  relation- 
sbip  between  the  two  appears  improbable,  since  elastin  when 
treated  with  sulphuric  acid,  yields  leucin  (30 — 4op.  c.)  only  and  no 
tyrosin.  ■ 

Hilger '  has  obtained  a  similar  body  from  the  shell  membrane  of  H 
•w^cs*  eggs.  " 


Keratin,  (O,  207— ij'o.  H,  6*4— 7a  N,  16-2— 177.  C,  503 
— 52'5.    S,  7—5-0  p.  c.) 

This  body,  though  somewhat  resembling  the  proteids  in  general 
composition,  differs  from  them  and  also  from  the  preceding  bodies  so 
widely  in  other  properties,  that  its  description  is  placed  here  for  con* 
veniencc  rather  than  anything  else.  Hair^  pails,  feathers,  horn,  and 
epidermic  scales  consist  for  the  most  part  of  keratin.  Heated  with 
water  in  a  digester  at  150'  keratin  is  partially  dissolved  with  evolution 
of  sulphuretted  hydrogen  ;  ibe  solution  then  gives  with  acetic  acid  nnd 
fcrrocyanidc  of  potassium  a  precipitate  soluble  in  excess  of  the  a^^id. 
Prolonged  boiling  with  alkalis  and  acids,  even  acetic,  dissolves  keratin ; 
the  Alkaline  solutions  evolve  sulphuretted  hydrogen  on  trcatnjeni  v*  Ith 
acids.  The  sulphur  in  keratin  is  evidently  very  loosely  uivited  to 
the  substance,  and  in  all  Its  reactions  there  appears  to  be  a  want  o^ 

•  Ar.  d.  deutuk,  (ktm,  GfitOitk,  1873,  S.  l66» 
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imilarity  between  keratin  and  either  proteidSf  mucin  or  geUlxtL   Ik 
'most  common  of  its  products  of  decomposition  are  leucin  (lOpic^j 
tyrosin  (3*6  p.c),  and  some  aspartic  acid  ;  no  glycin  U  formed. 
is  generally  known  as  keratin  is  probably  a  compound  body 
not  yet  been  resolved  into  its  components. 

Ewald  and  Kiihne  *  have  described  a  new  bo<Iy  to  wfakb, 
occurs  as  a  constituent  of  nervous  tissue  (both  of  nerves  aad  <i  ii' 
central  nervous  system),  and  is  yet  closely   identical  with 
homy  tissue,  they  give  the  name  of  neuro-keratin.     It  is  prefuedc^ 
quantity  from  the  brain  by  extracting  this   tissue  with  akobol 
sther^  and  subjecting  the  residue  to  the  action  of  pepsin  and  tiyjm 
The  final  residuum  is  neuro-keratin,  and  amoums  to  15 — ao^x.  iik^ 
original  tissue. 

NucUin,    CsaH^sNaPgOa. 

Discovered  by  Miescher'  in  tiie  nuclei  of  pus  curpusjiics  ud  f 
the  yeilow  corpuscles  of  yolk  of  egg.  Other  observer*  h*ve  mim 
quently  obtained  it  from  yeast,  from  semen,  from  the   r  ? 

red  blood-corpuscles  of  birds  and  amphibia,  from    bep^L  - 

it  is  probably  present  in  all  nuclei. 

When  newly  prepared  it  is  a  colourless  amorphous  body,  sc'Iab^u 
a  slight  extent  in  water,  readily  soluble  in  many  alkaline  solutioK^i 
but  its  solubilities  alter  on  keeping,  If  added  graduit!)  in  sufidol 
quantity  to  a  solution  of  caustic  alkali  it  first  neutral  si     - 

and  then  renders  it  acid.     It  seems  to  possess  an   ii  \.ki:~'.- 

proteic  reaction,  but  gives  no  reaction  with  MiUon's  tiuid.  It  yidfc 
precipitates  with  several  salts,  e,g.  rinc  chloride,  silver  ni trace.  xA 
capric  sulphate; 

Preparation.    This  is  difficult,  since  nuclein  is  easily  d 
The  most  remarkable  feature  of  this  body  is  its  large  p. 
phosphorus,  5*59  per  cent     This  phosphorus  is  readjjy  jjcpar  .^  ' 
boiling  with  strong  hydrochloric  acid  or  caustic  alkalis  ;    the     -i^ 
occurs  when  solutions  of  nuclein  are  acidulated  and  allowed  to 


CARBOHYDRATES. 

Certain  members  only  of  this  class  occur  in  the  human  body  j  of 
these,  the  roost  important  and  wide-spread  is  that  known  as  gnips- 
silgar,  or  dextrose  (glucose),  with  which  diabetic  sugar  seems  Co  \m 

»  Virkand.  naiurhisu  med,  Far.  Ildddhn^.  Bd,  1,  (1876)  Heft  5, 

•  Mid.  chem.  Untn-suth,  Hoppe-Scylcr,  Heft  4*  1S72,  S.  441  utui  50*. 

'  Miescher,  op.  cii^ 
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identical  *.     Next  to  this  comes  milk-sugar.     Inosit  is  another  body  of 
•this  class,  although   ii  differe  in   many  important   points  from  the 
preceding  two.     Glycogen  belongs  properly  to  the  sub-class  of  carbo-    _ 
liydrates  known  as  starches.  i 

These  bodies  are  often  con^-idered  to  be  polyatomic  alcohoR  Several  of 
them  stand  in  peculiar  relation  to  mannit^  and  may  be  converted  mto  that 
Bob&taace  by  the  acUon  of  sodium  amalgam'.  J 

I.    Dcxirose  (Grape-sugar).     CgHj^Oj  -|-  H,0,  " 

Occurs  in  the  contents  of  the  alimentary  canal  to  a  variable  extent, 
dependent  on  the   nature  of  the  food  taken.     It  is  also  a  normal 
constituent  of  blood,  chyle,  and  lymph.     Concerning  its  presence  in 
the  liver  (see  p.  427).     The  amniotic  fluid  also  contains  this  body, 
BUe   in  the  normal  condition  is   free  from  sugar,  so  also  is  urine,  _ 
though  tlus  point  has  given   rise   to  great   dispute  K     Tlie    disease  A 
diabetes  is  characterised  by  an  excess  of  dextrose  in  the  fluids  and  ^ 
tissues  of  the  body  (see  p.  433). 

When  pure,  dextrose  is  colourless  and  crystallises  in  four^sided 
fir  isms,  often  agglomerated  into  warty  lumps.  The  crystals  will 
dissolve  in  their  own  weight  of  cold  ^-ater,  requiring  however  some 
lime  for  the  process ;  they  are  very  readily  soluble  in  hot  water. 
Dextrose  is  soluble  in  alcohol,  but  insoluble  in  aether. 

The  freshly  prepdred  cold  aqueous  .solution  of  the  crystals  possesses  %. 
destno^rotatoty  power  of  +  104^  for  yellow  light,  lliis,  quickly  on  heatiqg. 
sJovrty  on  standing,  falls  to  -«-  56*^  at  which  point  it  remains  constant. 
Dextrose  mdily  forms  compounds  with  acids  and  bases  ;  the  laltrr  are  very 
tnutable,  decomposition  rapidly  ensuing  on  beating  them.  WTicn  its  metaUic 
^^Hbpounds  are  decomposed  the  decompo^tion  is  m  many  ca^es  accompanied 
^Hphe  precipitation  of  the  metals.  t.g.  silver,  gold,  meroiry,  Insmuth.  Caustic 
walis  re«dily  decompose  it,  as  also  does  ammonia. 


Deitrosc  is  readily  and  completely  precipitated  by  lead  acetate  and 
ammonia. 

An  important  property  of  this  body  is  its  power  of  undergoing 
fermentations  Uf  these  the  two  principal  are  :  {\)  Alcoholic,  This 
k  produced  in  aqueous  solutions  of  dextrose,  under  the  influence  of 
jfeast  The  decomposition  is  the  following:  CgH^dj^aC^Hg-f-O^ 
C0|,  yielding  (ethyl)  alcohol  and  carbonic  anhydride  Other 
alcohols   of    the  acetic    series   are   found    in   traces,    as   also    are 


i 


*  The  anestJon.  however,  whether  icvcTal  varieties  of  mgar  oeeurring  in  the 
animal  boay  have  not  been  confounded  together  under  the  common  name  of 
dextrose  or  glucose  may  be  eontidered  at  present  an  open  one. 

*  Linnrmainn.  Ann.  d.  Ckrm,m»  PAnrm,  Bd.  123.  S.  lj6. 
>  See  Seegen»  /)*r  Dtabttn  MtllUus^  2  Ed,  S.  196. 
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glycer'me,    succinic   acid,   and    probably  many   other  bodies. 
fermentation   is   most   active    at   about  25°  C.       Below  5*  gr 
45''  it  almost  entirely  ceases        If  the  saccharine  solution 
more  than  15   per   cent,  of   sugar  it    will  not    all   be  decQQii 
as  excess  of  alcohol  stops   the  reaction.     (2.)  I^c/u,      This 
in     the    presence   of    decomposing  nitrogenous    matter,   ei 
of    casein,    and   is    probably    the  result  of     the    action    of 
cific  ferment '.      The    first  stage    is   the  production  of    U< 
CflHiaOo^^CsHflOj,      In   the  second   butyric    acid    is    formed 
evolution  of  hydrogen  and  carbonic  anhydride  :    2C2H«Oj=C4Hi( 
2C0a-l-2H,      The   above  changes,  the    first    of  which  is 
undergone  by  sugar  to  a  considerable  extent  in  the  tntcsttne,  are 
active  at  35°;  the  presence  of  alkaline  carbonates  is  also  fai 
It  is  moreover  essential  that  the  lactic  Aod  should  be  ncutraitiell 
fast  as  it  is  formed,  otherwise  the  presenc  e  ot  the  free  acid  stopi  I 
process. 

The  detection  and  estimation  of  dexixose  aie    -o  folty  gm»! 
various  books  that  they  need  not  be  detailed  here. 

2,  Ma/fose.     (Ci,Ha  Ou -f  H,0.) 

This  form  of  sugar  was  first  described  by  Dnbrunfaut  as  a  pwdmt 
of  the  action  of  malt  on  starch.     Its  existence  was  f^r  a  long  tiiM 
doubted  until   Sullivan  repeated  and   confirmed  the   previout 
rimcnts-     According  to  him  it  crystallises  in   fine    .icicul^r  ci 
possesses  a  specific  rotatory  power  of -|- 150°  and  a   reducfn^  iv 
which  is  only  one-third  as  great  as  that  of  dextrose,      Mu'-cjI  1-  id! 
Gruber'  have  recently  shown  that  it  may  also  be  formed  by  r!  iv     :.: 
of  sulphuric  acid  on  starch,  and  that  it   is  capable  of  unvl*.riiu»iii 
alcohohc  fermentation*  ~ 

3.  Milk^sugar.     (C„HttOu  +  H,  O.) 

Also  known  as  lactose.     It  is  found  in  milk,  and  is  the  OQiy 
which  enters  into  the  composition  of  this  secretion. 

It  yields,   when  pure,  hard  colourless  cr>'stals,  belon, 
rhombic  system  (four  or  eight-sided   prisms).     It  is  lesb 
water  than  dextrose,  requiring  for  solution  six  times  its  weight  ot 
but  only  two  parts  of  boiling,  water ;  it  is  entirely  insoluble  in 
and  ietber.     It  is  fully  precipitated  from  its  solutions  by  the  addi 
of  lead  acetate  and  ammonia. 


•  Lister,  Path,  Soc.  Tram.  Vol.  for  1878,  p.  425;  also  Quart,  JI.  afHk 
SHmfe^  Vol  xviii.  (187S)  p.  177. 

*  Ziti^kr,  J.  ^ysiol,  Ckrm.  Bd.  It.  (1878)  S.  1 77. 
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^llen  freshly  dissolved*   ita  aqueous  solution  possesses  x  specific  dextro* 

ktoiy  power  of  +  93*1'  for  yellow  light  :  ihi>  (iiminUhes  alowly  on  standing, 

ly  on  boUttig,  unlil  it  finally  reaiainx  constant  at  -I-  59*3*.     The  amount 

is  independent  of  the  concentration  of  the  Jiolution. 
itote  unites  readily  with  ba»e$,  forming  unstable  compounds ;  from  its 
eiclalltc  compounds  the  metal  is  precipitated  in  the  reduced  state  on  boiling; 
It  reduces  copper  salts  as  readily  as  dextrose* 

Lactose  is  generally  stated  to  admit  of  do  direct  alcoholic  fermen- 
tation ;  this  may  however  sometime?,  be  induced  by  a  lengthy  action 
Qt  ye;ist  By  boiling  with  dilute  mineral  acids  lactose  is  converted 
into  galactose,  which  readily  undergoes  alcohoUc  fermemation* 

Q*lactose  is  Tcry  readily  soluble  in  water,  though  insoluble  in  alcohoL     It 
a  higher  rotatory  power  than  taclo&Ci  *»*•    +Sj'^ ;  iu  a  freshly 
solution  the  rotation  b  +  I39'6\     It  may  be  rtimarked  here  that 
isalaiid  lactose   is  incapable  of  direct  alcoholic    fermentation,    milk 
may  be  fermented ;  Bertheliot  wa.s  unable  in  this  direct  alcoholic  fermen- 
I  to  detect  any  intermediate  change  of  the  lactose  into  another  fermentable 

Lactose  is,  however,  directly  capable  of  undergoing  the  lactic  fer-i 
mentation  ;  the  circumstances  and  products  are  the  same  as  in  the 
case  of  dextrose  (see  above).  The  action  is  generally  productive  of  a 
CollAteral  small  quantity  of  alcohol. 

The  tests  for  the  presence  of  this  body  are  the  same  as  for 
dextrose,  with  the  exception  of  the  alcoholic  fermentation. 

Freparaiion,  After  the  removal  of  the  casein  and  other  protcids 
of  the  milk,  the  mother  liquor  is  evaporated  to  the  crystallising 
pomt ;  the  crystals  arc  puriiied  by  repeated  crystallisation  from  wann 
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4.    JnosiL     (C|HuOe-|r2HA) 

This  substance  occurs  but  sparingly  in  the  human  body ;  it 
found  originally  by  Scherer '  in  the  muscles  of  the  heart.  Cloetta 
showed  its  presence  in  the  lungs,  kidneys,  spleen,  and  liver',  and 
MuUer  in  the  brain'.  It  occurs  also  in  diabetic  urine,  and  in  that  of 
**  Bright's  disease,"  and  is  found  in  abundance  in  the  vegetable 
kingdom. 

Pure  inosit  forms  large  efflorescent  crystals  (rhombic  tables) ;  in 
microscopic  preparations  it  is  usually  obtained  in  tufted  tumps  of  fine 
crystals.     Easily  soluble  in  water,  it  is  insoluble  in  alcohol  and  xther 


A 

ctta^ 
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•  Ann,  i,  Chem.  m.  PkArm. 

•  IhiJ.  Dd.  99,  S.  289. 
>  Jbid,  Bd.  103,  S.  140, 


Bd,  73,  S.  322. 
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It  possesses  no  action  on  polarised  Ugbt,  aad  dotis  boC 
of  metallic  salts. 

It  admits  of  no  direct  alcoholic,  but  is  capable  of  iiDdergp^l 
lactic  fermentation-,  according  to  Hilger*  the  acid  formed  i$ 
lactic.     It  is  unaltered  by  heating  with  dilute  mineral  Acid&. 

Preparation.     It  may  be   precipitated  from  its  solutiaas 
action  of  basic  lead  acetate  and  ammonia. 

As  a  special  test  may  be  mentioned  the  productioo  of  a 
violet  colour  by  careful  evaporation  to  dryness  oti  plaimgff^  y^. 
little  ammonia  and  calcium  chloride. 

5.    Dejciniu     QHioO^. 

By   boiling  starch-paste  with  dilute  acids,    or  by  the 
ferments,  the  starch  is  converted  into  an  Isomeric   bodf,,  to 
from  its  action  on  polarised  light,  the  name  dextrin  has  beoL 
It  ii  soluble  in  water,  but  is  precipitated  by   aJcohoL      It 
undergo  alcoholic  fermentation  until  after  it  has   been  changed 
dextrose,  nor  can  it  reduce  metallic  salts.     It  yields  a  reddb^ 
wine  colour  with  iodine,  which  disappears  on  wanning  and  doci 
return  on  cooling.     Further  action  of  acids  or  of  fe^m«""^<  ^< 
dextrin    into   dextrose.      Dextrin   is  present    in  the   c 
alimentary  canal  after  a  meal  containing  starch,  and  .i^ 
found  in  the  blood.     Concerning  achroodcxtrin  and  other  v«uietic» 
dextnui  see  p.  241. 


6.     Glycogen.     QH^O^. 


Discovered 


Belongs  to  the  starch  division  of  carbohydrates. 
Bernard  in  the  liver  and  other  organs  (see  p.  425). 

Glycogen  is,  when  pure,  an  amorphous  powder,   cotoorless 
tasteless,  readily  soluble  in  water,  insoluble  in  alcohol  ^nd  aetb^. 
aqueous  solution  is  generally  though  not  always  stroi^y  01 
but  contains  no  particles  visible  microscopically ;  the  opalesceace 
much  reduced  by  the  presence  of  free  alkalis.     The  same 
possesses,  according  to  Hoppe-Seyler,  a  very  strong   dextri 
power  ;  it  dissolves  hydrated  cupric  oxide  ;  but  this  is  not  tedi 
boiling. 

By  the  action  of  dilute  mineral  acids  (except  nitric)  it  is  ^--^^^ 
converted  into  a  form  of  sugar  very  closely  resembling,  thif. 
bably  differing  somewhat  from  true  dextrose,  and  the  same  coi.^.:. 
is  also  readily  effected  by  the  action  of  amylolytic  fennents.    The 
into  which  the  glycogen  of  the  liver  is  converted  after  death  (s 

*  Ann.  d.  Ch(m,  m.  PMarm,  Bd.  160,  5.  353, 
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428),   appears  to  be  Uue  dcjcirosc ;   so  also  the  sugar  of  diabetes, 
Musculus  and  v.  Mering '  however  state  that  the  rc;>ult  of  the  action    _ 
of  diastase,  or  salivary  or  pancreatic  fennent,   upon  glycogen  is  a  ■ 
mixture   ol    achroodcxtrin    and   maltose  ;    the  quantity  of   dextrose  ' 
making  its  appearance  at  the  same  time  being  very  small. 

Opalescent  solutions  of  glycogen  usually  become  clear  on  the 
ttddition  of  caustic  alkali  :  Vintschgau  and  Dietl  *  have  shewn  that 
this  h  accompanied  by  a  change  which  converts  a  portion  of  the 
glycogen  into  a  substance  to  which  they  gave  the  name  of  /3.'glycoijen- 
dcxtfin.  (Kiihne »  had  previously  described  a  body  to  which  he  gave 
the  name  glycogen-dextrin.  That  described  by  Vintschgau  and  Dietl 
clitic rs  slightly  from  Kiihnc's  body,  and  hence  the  name).  According 
to  these  authors  one-fifth  of  the  glycogen  is  at  the  same  time  changed 
into  some  other,  at  present  undetermined,  substance.  Normal  lead 
acetate  gi%'es  a  cloudiness,  the  basic  salt  a  precipitate,  in  its  solutions. 

As  tests  for  this  body  may  be  used  the  formation  of  a  port -wine 
colour  with  iodine  ;  this  disappears  on  warming  but,  in  this  respect 
dtflering  from  dextrin,  returns  on  cooling.  (The  same  colour  is 
produced  by  dextrin,  but  this  docs  not  reappear  on  cooling  after  its 
disippearance  on  warming.) 

Freparaiion  of  Glycogen.  The  following  is  Bnicke's*  method.  The 
fiiltered  or  simply  strained  decoction  of  perfectly  fresh  liver  or  other 
l^^ycogenic  tissue  is,  when  cold,  treated  alternately  with  dilute  hydro-  ^ 


I 

I 
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^oric  acid,  and  a  solution  of  the  double  iodide  of  potassium  and 
mercury*,  as  long  as  any  precipitate  occurs.  In  the  presence  of  free 
hydrochloric  acid,  the  double  iodide  precipitates  protcid  matters  so 
completely  as  to  render  their  separation  by  filtration  easy.  The  pro- 
tetds  being  thus  got  rid  of,  the  glycogen  is  precipitated  from  the  filtrate 
by  Edding  alcohol  to  the  extent  of  between  60  and  70  p.  c.  Too  much 
alcohol  is  to  be  avoided,  since  other  substances  as  well  are  thereby 
precipitated.  The  glycogen  is  now  washed  with  alcohol  first  of  60 
and  then  of  95  per  cent,  afterwards  with  zcther,  and  finally  with 
tbsolute  alcohol.     It  is  then  dried  over  sulphuric  acid. 

•  Zeitsikr,/.  physio*.  CArm.  Bd.  ii.  {1878)  S.  403. 

■  PflUecr%  AfcA,  lid.  xvil.  (1878)  S,  154, 

»  /^rf>.  ii,  pknioL  ChoH,  (1S68),  S.  63. 

4  SiisHft^iber.  J.  WifHfr  Akad.  Bd.  63  (1S71)  ii.  Ablh. 

»  This  m«^  be  prepared  by  prccipttoiing  ^avstum  iodide  with 
eldofid«i  And  diasolvli^;  the  wa^ed  precipilatc  in  a  hot  noluttcm  of 
iodide  AS  tang  ha  it  continues  to  he  tali  en  op.     On  cooling,  some 
precipitate  occurs,  which  iau>t  be  filtered  off ;  the  filtnktc  h  then  robdy  for 
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FATS,  THEIR  DERIVATIVES  AND  ALUi>: 


The  Acetic  Acid  Series. 


General  formula  C«H«,02  (monobasic). 

This,  which  is  one  of  the  most   complete   bomologouf  i 
organic  chemistryj  ruQs  paiallel  to  the  series  of  raonatomtc 
Thus  formic  acid  corresponds  to  methyl  alcohol,  acetic  ac*4  lt> 
(ordinary)  alcohol,  and  so  on.     The  several  acids  may  be  rtginkdl 
being   derived   from   their  respective  alcohols    by  siinpie  oxidiiMii 
thus  ethyl  alcohol  yields  by  oxidation  acetic  acid: — r.H  r. 
QHiOj  +  HjO.     The  various  members  dilfer  in  comiu 
and  the  boiling  points   rise  successively    by    about    i^^  ^. 
relations  hold  good  with  regard  to  ihcir  melting  points  and 
gravities.     The  acid  properties  are  strongest  in  those  where  «  ^1 
least  value.    The  lowest  members  of  the  series  arc  vobltk 
acting  OS  powerful  acids ;  these  successively   become  less  oad 
fluid,  and  the  highest  members  are  colourless  solids,  closely 
the  neutral  fats  in  outward  appearance.     Consecutive  acids  dC 
series  present   but  very  small  differences  of  chemical   and  pky 
properties,  hence  the  difficulty  of  separating  them  ;    ' 
increased  in  the  animal  body  by  the  fact  that  exactly  tho- 
present  the  greatest  simiiarities  usually  occur  together. 

The  free  acids  are  found  only  in  small  and  very  variable  Qiiintr^l 
in  various  parts  of  the  body  ;  their  derivatives  on  the  other  ' 
most  important  constituents  of  the  human  frame,  and  will  be  < 
further  on. 

Formic  acid.     CHO  .  OH, 

When  pure  is  a  strongly  corrosive,  fuming  fluid,  with  powerful  ii 
fating  odour,  solidifying  at  o'^C,  botling  at  ioo°C.,  and  capable  < 
being  mixed  in  all  proportions  Mith  water  and  alcohol.  It  has  bedj 
found  in  various  parts  of  the  body;  such  as  the  spleen,  thya«sl 
pancreas,  muscles,  brain,  and  blood  ;  from  tlie  latter  it  may  tie  obtUM^j 
by  the  action  of  acids  on  the  haemoglobin.  According  to  some  autb^N* 
it  occurs  also  in  urine. 

Heated  with  sulphuric  acid  it  yields  carbonic  oxide  and 
with  caustic  potash  it  gives  hydrogen  and  oxalic  acid. 

•  Puliginsk^,    Hoppe  Scyler's  Mtd,  Chcm,   A/itfAtn'/ut^,   Heft    2^  S.  44& 
Tbiidichuni»  Jinttm,  ej  ike  Chtnu  Soc,  Vol.  S,  p.  400. 
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Auticadd,    CaH,0  .  OH 

Is  distinguished  by  its  characteristic  odour ;  its  boiling  point  is 
117®  C;  it  solidifies  at  5°  and  is  fluid  at  all  temperatures  above  15°  C, 
[t  is  soluble  in  ail  proportions  in  alcohol  and  water. 

It  occurs  in  tlie  stomach  as  the  result  of  fermentative  changes  in 
food,  and  is  frequently  present  in  diabetic  urine.     In  other  organs 
id  fluids  ii  exists  only  in  minute  traces. 

With  ferric  chloride  it  yields  a  blood-red  solution,  decolorized  by  hydro- 
loric  »cid*      (It  differs  in  this   last  reaction  from  sulphocyanidc  of  iron.) 
leatcd  with  alcohol  anil  .sulphuric  add,  the  characteristic  odour  of  acetic 
lethcr  is  obtxxined.     It  docs  not  reduce  silver  nitrate. 

Propicnic  acid,     Cj  Hg  O  .  OH. 

This  acid  closely  resembles  the  preceding  one.     It  possesses  a  very 
taste  and  pungent  odour ;  is  soluble  in  water,  boils  at  141°  C*, 
may  be  separated  from  its  aqueous  solution  by  excess  of  calcium 
;hIoride. 

It  occtu^  in  small   quantities  in   sweat,   in   the   contents  of   the 

tomach,  and  in  diabetic  urine  when  undergoing  fermentation.     It  is 

limilarly  produced,  mixed  however  with  other  products,  during  alco- 

Jolic  fermentation,  or  by  the  decomposition  of  glycerine.     It  partially 

educes  silver  nitrate  solution  on  boihng. 

Butyric  acid.    C^HjO  .  OH. 

An  oily  colourless  liquid,  with  an  odour  of  rancid  butter,  soluble  in 
Iter,  alcohol,  and  aether,  boiling  at  162^  C.  Calcium  chloride  separates 
from  the  aqueous  solution. 

Found  in  sweat,  the  contents  of  the  large  intestine,  faeces,  and  in 
ine.  It  occurs  in  traces  in  many  other  fluids,  and  is  plentifully 
obtained  when  diabetic  urine  is  mixed  with  powdered  chalk  antl  Itept 
a  temperature  of  35^  C.  It  existSj  as  a  neutral  fat,  in  small  quantities 
milk. 

This  is  the  principal  product  of  the  second  stage  of  lactic  fetmen- 
(See  Dextrose.) 


Valirioiiic  acid,     C^HgO  .  OH. 

An  oily  hquid,  of  penetrating  odour  and  burning  taste  ;  soluble  in 
30  parts  of  water  at  12'  C,  readily  soluble  in  alcohol  and  aether.  Boils 
175"  C  Possesses,  in  free  and  combined  form,  a  feeble  right-handed 
rotation  of  the  plane  of  polarisation. 

It  b  found  in  the  sohd  excrements,  and  is  formed  readily  by  the 
:omposiCion^  through  putrefaction,  of  impure  leucin,  ammonia  being 
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at  the  same  time  evolved ;  hence  its  occurrence  in  untie 
fiuid  contains  leucin,  as  in  cases  of  acute  atrophy  of  the  tivcr. 


Caprokacid,  C,  H^^O  .  OH. 
Caprylk  „  C^  Hi^O  .  OH. 
CapHc      „        CioHjjG  .  OH. 


These  three  occur  together  (as  fats)  in  butter^  and  are  txaCaatHk 
varying  proportions  in  the  fseces  from  a  meat  diet,  TTie  fifit  b. 
oily  tluid,  slightly  soluble  in  wateri  the  others  are  solids  aod  iobq 
soluble  in  water  ;  they  are  soluble  in  ^\i  proportions  in  akc^ial  i 
aether.  They  may  be  prepared  from  butter,  and  separated  1^  it < 
varying  solubilities  of  their  barium  sails. 

LaurosUark  acid,     C^j  Hjj  O  .  OH. 
Myristk  „        C^  Hj,  O  .  OH. 

These  occur  as  neutral  fats  in  spermaceti,  tn  butter  and  other  \m\ 
They  present  no  points  of  interest 

Palmitk  acid,    Cn  Hji  O  .  OH.    , 
Stearic      „        C^  H^  O  .  OH. 

These  are  solid,  colourless  when  pure>  tasteless,  odouH«^,  rr«*J» 
line  bodies,  the  former  melting  at  6a°  C.,  the  latter  ar 
water  they  arc  quite  insoluble  ;  palmitic  acid  is  more  r«- 
in  cold  alcohol  than  stearic  :  both  are  readily  dissolved  by  hwt  aii 
CEther,   or  chloroform.     Glacial  acetic  acid  dissolves    them  In 
quantity,  the  solution  being  assisted  by  warming.      They  readDy 
soaps  with  the  alkalis,  also  with  many  other  metals.       The 
solubilities  of  their  barium  salts  afford  the  means  of  separating 
when  mixed'  :  this  may  also  be  applied  to  many  others  of  the  bigflitf 
members  of  this  series. 

These  acids  in  combination  with  glycerin  (see  below),  to'.^i^thf-r  vid 
the  analogous  compound  of  oleic  acid,  form  the  principal 
of  human  fat.    As  salts  of  caJcium  they  occur  in  the  f^,  ,. 
*  adipocerc/  and  probably  in  chyle,  blood  and  serous  fluids,  as 
sodium.     They  are  found  in  the  /ree  slate  in  decomi>osing  pu-. 
the  caseous  deposits  of  tuberculosis. 

The  existence  of  morganc  add,  intennediate  to  the  above  twa,  is  not  INV 
admitted,  since  Hetntz*  has  &hewn  that  it  is  really  a  mixture  of  fxilmitic  «al 
f tcaric  acid.  Margaric  acid  possesses  the  aaomaloui^  melting  p4>inl  uf  S9'9*  C 
A  mixture  of  60  parts  stearic  and  40  of  palmitic  addji^  melts  at  6o'3*, 


HcinU,  Afttta/.  d.  P/iyt,  u.  CAent,  Bd.  92,  S.  588. 
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Acids  of  the  Oleic  (Acrvlic)  Series.  H(C«  Hg^OgCmonobask). 

Many  adds  of  this  series  occur  as  glycerine  compounds  in  various 

td  fais.     They  are  very  unstable,  and  readily  absorb  oxygen  when 

Eposed  to  the  air.     The  higher  members  are  decomposed  on  attempt- 

to  distil  them.      Their  most  peculiar  property  is  that  of  being 

tbnverted  by  traces  of  NUj  into  solid,  stable  mctameric  acidS|  capable 

being  distilled.     They  bear  an  interestmg  relation  to  the  acids  of 

le  acetic  series,  breaking  up  when  healed  with  caustic  potash  into 

;tic  acid  and  some  other  member  of  the  same  series  : — thus, 


Oleic  acid.  Pouuium  acetate. 

HCigHjttOj-l-iKHO-KCsHjOj,    -f 


P'iia&%ium  palmitaic. 

KC.,H„0.    +    H, 


This  is  the  only  acid  of  the  series  which  is  physiologically  important, 
It  is  found  united  with  glycerin  in  all  the  fats  of  the  human  body.  In 
the  smaU  intestine  and  chyle  it  exists  also  either  as  a  salt  of  potsssium, 
or  sodium,  or»  it  nwy  be,  in  the  free  state. 

When  pure  it  is,  at  ordinary  temperatures,  a  colourless^  odourless, 
tasteless,  oily  liquid,  solidifying  at  4^  C.  to  a  crystalline  mass.  Insoluble 
SQ  water,  it  is  soluble  in  alcohol  and  aether.  It  cannot  be  distitted 
without  decomposition.  It  readily  forms  with  potassium  and  sodium 
soaps,  which  are  soluble  in  water  :  its  compounds  with  most  other 
bases  are  insoluble.  It  may  be  distinguished  from  the  acids  of  the 
acetic  series  by  its  reaction  with  NO,  and  by  the  changes  it  imdctgoes 
when  exposed  to  the  air. 


The  Neutral  Fats. 


These  may  be  considered  as  aethers  formed  by  replacing  the 
exchangeable  atoms  of  hydrogen  in  the  triatomic  alcohol  glycerin  (see 
below),  by  the  acid  radicles  of  the  acetic  and  oleic  series.  Since  there 
are  three  such  exchangeable  atoms  of  hydrogen  in  glycerin,  it  is 
possible  to  form  three  classes  of  these  aethers  ;  only  those,  however, 
which  belong  to  the  third  class  occur  as  natural  constituents  of  the 
human  body  :  those  of  the  first  and  second  are  only  of  theoretical 
importance. 

They  possess  certain  general  characteristics.  Insoluble  in  water 
and  cold  alcohol^  they  are  readily  soluble  in  hot  alcohol,  aether, 
chloroform,  &c.  ;  they  also  dissolve  one  another.  They  arc  neutral 
bodies,  colourless  and  tasteless  when  pure ;  are  not  capable  of  being 
distilled  without  undergoing  decomposition,  and  as  a  result  of  ihi? 
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decomposition^  yield  solid  and  liquid  hydrocarbons,  vratcr^ 

and  a  peculiar  body,  acrolein.     (Glycerin  cont.uos  %ht 
molecule  of  acrolein,  and  iwo  molecules  of  waier.) 

They  possess  no  action  on  poIari:ied  light. 

They  may  readily  be  decomposed  into  glycerin  and  ibdr  i 
£atty  acids  by  the  action  of  caustic  alkalis  ar  of  superheated] 

C  H  1 

Palmitin  (^Tri-palmitin).      t^   H  *0^    I  ^* 

The  following  reaction  for  the  for;Dattoa    of  this 

all  the  others  : 

Gtyccno.  P&tniitlc  add.  P%lmicui. 

U,   /"»+3       H       r       (C„H„0),  )  °»  +  *H 

Palmitlu  is  slightly  soluble  in  cold  alcohol,  rcadOy 
alcohol,  or  in  aether ;  when  pure  it  crystallises  in  line 
mixed  with  stearin,  it  generally  forms  shapeless  lumps,  a1 
niixtuitf  may  al  times  assume  a  crystalline  form,  and  was  cl 
as  a  distinct  body,  namely  marj^'arin.  It  possesses  thi 
melting  pointy  according  to  the  previous  tempcn&tures  to  mk 
has  been  subjected.     It  solidities  in  all  cases  at  45*^  C. 

Preparation.     From  palm  oil,  by  removing  the  free  patinili 
with  alcohol)  and  crystallising  repeatedly  from  aether. 


C  H         1 

.b/fani*  (Tri«stcarin)      /r  H  0>    f^** 


This  is  the  hardest  and  least  fusible  of  the  ordinary  fi 
body  ;  is  also  the  least  soluble,  and  hence  is  the  first  to  cryi 
from  solutions  of  the  mixed  fats.     It   crystalljses  usually 
tables.     It  presents  peculiarities  in  its  fusing  points  siniij 
of  palmitin. 

PrtparatwH.     From  mtitton  suet,  its  separation  from 
olcin  being  effected  by  repeated  crystallisation  from  aeihi 
being  the  least  soluble* 


OUin  (Tri-olcin).       ( Cis^^)i  )  O, 


Is  obtained  with  dif¥icuhy  in  the  pure  state,  and  is  th 
ordinary  temperatures.  It  is  more  soluble  than  the  two  prec 
ones.  It  readily  undergoes  oxidation  when  exposed  to  the  air,  \ 
converted  by  mere  traces  of  NOj  into  .1  solid  isomeric  fat. 
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yields,  on  dry  distillation,  a  characteristic  acid,  the  sebacic,  and  is 
saponified  with  much  greater  difficulty  than  arc  palmitin  and  stearin. 

Preparation.  From  olive  oil,  either  by  cooling  to  o°  and  pressing 
out  the  olein  that  remains  fluid  ;  or  by  dissolving  in  alcohol  and 
cooling,    when   the  olein  remains  in  solution   while  the  other  fats 


crystallise  out. 

II     Giyctrin 
air 


C,H. 


This  principal  constituent  of  the  neutral  fats  may,  as  above  stated, 

looked  upon  as  a  triatomic  alcohol. 

When  pure,  glycerin  is  a  viscid,  colourless  liquid,  of  a  well-known 
eet  taste.  It  is  soluble  in  water  and  alcohol  in  all  proportions, 
soluble  in  eether.  Exposed  to  very  low  temperatures  it  becomes 
almost  solid  ;  it  may  be  distiHed  in  close  vessels  without  decom- 
position, between  275^ — 280°  C- 

It  dissolves  the  alkalis  and  alkaline  earths,  aUo  many  oxides,  such 
as  those  of  lead  and  copper  ;  many  of  the  fatty  acids  are  also 
soluble  in  glycerin. 

It  possesses  no  rotatory  power  on  polarised  light. 

It  is  easily  recognised  by  its  ready  solubility  in  water  and  alcohol, 
its  insolubility  in  aether,  its  sweet  ta^te,  and  its  reaction  with  bases. 
The  production  of  acrolein  is  also  characteristic  of  glycerin* 

CaHgOj  -  2H,0  «x  C3H4O  (Acrolem), 

Preparation*  By  saponification  of  the  various  oils  and  fats.  It 
is  also  formed  in  small  quantities  during  the  alcoholic  fermentation 
Qf  sugar', 

Soaps.  These  may  be  formed  by  the  action  of  caustic  alkalis  on 
fats.  The  process  consists  in  a  subbtitution  of  the  alkali  for  the 
radicle  of  glycerin,  the  latter  combining  with  the  elements  of  water  to 
^orm  glycerin.    Thus 

Tn-steatia  PoUuic  stearale.  Glyccria. 

Pancfealic  juice  can  Split  Up  fat5  into  glycerin  and  the  free  fatty  acid  ($  c 
263),  and  the  bile  is  known  to  be  capable  of  saponifying  thcNe  fatty  acids. 
[lie  amount  of  soaps  formed  in  the  alimentary  caiml  is  however  bm-iU  tad 
iportant. 


Fasteur,  Atm,  d^  Ckam^  t* 


^  106^  S.  338. 
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GLYCOLIC  ACID  SERIES 


Acids  or  the  Glycolic  Snues. 

Running  parallel  to  the  monatomic  alcohols  (CH^^,!^ 
of  diatomic  alcohols   or  ghxols  <C»H^^,0,.).      TIm 
ponding  to  ethyl  alcohol  is  the  diatomic  alcohol,  cthyl^) 
from   (he  monatomic  alcohols  so  from    the   gl)-coISy  acklsj 
derived  by  oxidation  ;  from  the  latter  (glycols)  however  twt>' 
acids  can  be  obtaiued,  known  resp>ectively  a^  the  glycobc  aa^^ 
series.    The  first  stage  of  oxidation  of  the  glycol  gtvrs 
the  glycolic  series,  thus  : 

Etliy1«slyool  Glycolic  «dd- 

CjHjO,  +  O2  «  CJH4OJ  -f  H,0,  or  more  gcnenSj 

By  further  oxidation  a  member    of  the    glycoUc 
converted  into  a  member  of  the  oxalic  series,  thus  i 

Glycolic  tuad.  Oxalic  add. 

CjH^Oi,  +  Oj  =  CjH|04  +  H3O,  or  more  gcncraiy 
C»H2.0,  +  O  -  C,Ha» .  ,0«  +  H,0. 

The  acids  of  the  glycolic  series  arc  diatomic  but  monoisas} 
of  the  oxalic  series  are  diatomic  and  diabasic 

The  following  table  may  be  given  to  shew  the  general  relatioid 
of  alcohols  and  acids  : 


lUduah 


Methyl  (CH.) 
Ethyl  (C,H,) 
PropyKQHy) 
Butyl  (C.H^y 


Alcohol 


CH,(OH) 

C,Hj(OH) 

C,Hy(OH) 

C,H,^OH) 


Add. 


Formic. 
IICUO, 

Acetic 
HC,H,0, 
I'ropionic. 

Butyric. 


Gly«ok. 


Ethyl -glycoi 
Propyl-fflycoL 

c,ii,(OH), 

Butyl -iiJycoL 


AddK 


Oxyhutync* 


Glycolic  Acid  Series, 
£€icii£  acid,     CjHgOa, 

Next  to  carbonic  acid,  the  most  important  member  of  tbis| 
IS  far  as  physiology  is  concerned,  is  lactic  acid. 

Lactic  acid  exists  in  four  isomeric  modifications,  but  of 
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have  been  found  in  the  human  body.  These  three  all  form 
)y,  colourless  fluids,  soluble  in  all  proportions  in  water,  alcohol, 
aether.  They  possess  an  intensely  sour  taste,  and  a  strong  acid 
tion.  When  heated  in  solution  they  arc  pjirtially  distilled  over  in 
^scaping  vapour.  They  form  salts  with  metals,  of  which  those 
alkalis  are  very  soluble  and  crystallise  with  difficulty.  The 
and  zinc  salts  are  of  the  greatest  importance,  as  will  be  seen 


I,  Ethylidine-lactic  acid.  This  is  the  ordinary  form  of  the  acid, 
Itained  as  the  characteristic  product  of  the  well -known  *  lactic  fer- 
itation.'  It  occurs  in  the  contents  of  the  stomach  and  intestines, 
ling  to  Heintz '  it  is  found  also  in  muscles^  and  according  to 
:bcidlen*  in  the  ganglionic  cells  of  the  jjrcy  substance  of  the  brain- 
many  diseases  it  is  found  in  urine,  and  exists  to  a  large  amount  in 
excretion  after  poisoning  by  phosphonis.^ 

It  ID&7  be  prepared  by  the  general  methods  of  slowly  oxidising  the  corres* 
glycol  or  by  Acting  00  the  monochlorioatcd  prupiouic  acid  with  moist 
oxide.     In  obuining  it  from  the  products  of  lactic  fermeolalioii,  the 
of  aoc  lactate  are  purified  by  several  cry^aUisations,  and  the  acid 
Lted  from  the  compound  by  the  action  of  sulphuretted  hydrogen. 

a,  Ethyhm  lactic  acut  This  acid  is  found  accompanying  the  one 
to  be  described,  in  the  watery  extract  of  muscles.      From  this  it 

separated  by  taking  advantage  of  the  diflferent  solubilities  of  the 
salts  of  the  two  acids  in  alcohol  It  sceroSf  probable,  however, 
it  has  not  yet  been  prepared  in  the  pure  state  by  this  methods 

WUliccnu*  first  obtained  this  »dd  by  heating  bydroxycyanidc  of  ethylene 
ih  nque  'US  solutions  of  the  alkalb  *. 
l*hc  same  observer  found  it  also  in  many  pathological  Auids. 

Sarcolactic  acid.     This  acid  has  not  yet  been  procured  syniheii- 
As  its  name  implies,  it  is  that  form  of  the  acid  which  occurs  in 
i,  and  hence  exists  in  large  quantities  in  Liebig's  'extract  of 
/  II  is  often  found  also  in  pathological  Buids.  This  is  the  only  acid 
lis  scries  which  possesses  any  power  flf  rotating  the  plane  of  polar- 
light  ;  it  is  otherwise  indistmguishable  from  the  preceding  cihyli- 
-lactic  acid,  and  is  generally  represented  by  the  same  formula. 
free  ttcid  has  dextro-,  the  anhydride  laevo- rotatory  action.    Th« 
roution  for  the  tine  salt  in  solutioo  is  -7*65^  fox  yellow  light. 


■  Ann.  H.  Chtm,  u.  Pharm,  ltd.  157,  S.  320, 
•  Pfliiger'*  .^fMft/.  Bd.  vui.  (1873— 74)  S.  171. 
I  Schullzcn  and  Kic$5»  Vthfr  of^Ui  /'k^j  ' 
4  AnN.  d,  Chtm.  tt.  Pkarm,  tfd. 


128,  S.  6. 
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OXALIC  ACID  SERIES. 


The  zinc  and  calcium  salts  of  sarcolactic  acid  ar 
in  water  and  alcohol,  than  those  of  cthyUdene-lact 
than  those  of  ethylene- lactic  acid  ;  and  the  same  salts  ol  > 
acid  contain  more  water  of  crystallisation  than  ti;osc  of  :!:*  , 

Heintz'  has  compared  the  above  acids  to  die  wodificKia 
existing  in  tartaric  acid'. 

HydracryUc  acid,  the  fourth  in  this  scries  of  lactic  acids^  isi 
by  the  natui-e  of  its  decomposition  on  heating,        Ic  is    never  toitti  a  I 

constituent  of  animal  bodies. 


Oxalic  Acid  Seriss. 
Oxalic  add.    'B.^C^O^. 

In  the  free  state  this  acid  does  not  occtir  in  thr  haman 
Calcium  oxalate,  however,  is  a  not  uafreqiieni  co 
and  enters  into  the  composition  of  manyurinarj'  c.i 
mulberry  calculus  consisting  almost  entirely  of  it.     it  may  abom 
in  fseces,  and  in  the  gall  bladder,  though  this  is  rarely  obsenred 

As  ordinarily  precipitated  from  solutions  of  calcitun  salts  by. 
monium  oxalate,  calcium  oxalate  is  quite  amorphous,    btit  in 
deposits   it   assumes   a  strongly  characteristic   crystalliDC  focm, 
that   of  rectangular  octohedra.     In  some  cases  it   pre?-""  *-  '^'^* 
malous  forms  of  rounded  lumps,  dumb-bells,  or  square- 
pyramidal  ends.     It  is  insoluble  in  water,  alcohol,  and  dtn  i 
ammonia  and  acetic  acid.     Mineral  acids  dissolve  this  salt  r 
also  to  a  smaller  extent  do  solutions  of  sodium   phosph^arc 
All  the  above  characteristics  sen'e  to  detect  this  salt  ;  its  mic 
appearance,  however,  is  generally  of  most  use  for  th; 

The  pure  acid  is  prepared  cither  by  oxidising 
acid,  or  decomposing  Hgneous  tissue  with  caustic  alkalis. 

Succinic  acid,     H1C4H4O4. 

This  is  the  third  acid  of  the  oxalic  series,  being  separatee! 
oxalic  acid  by  the  intermediate  malonic  acid,  H^CgH^O^.      |- 
in  the  spleen,    the  lh>'mus,  and  thyroid   bodies,   hydrocx|^^l 
hydrocele  fluids. 

According  to  Mctssner  and  Shejiatd^  it  is  found  as  a  normal  oodN^ir^ni 
urine.     This  is  contested  by  Salkowski*,  and  also  by  yon  Spcycr.      It 


*  Op.  at, 

*  See  further,  Wislicenus  <5*.  «/,     Also  Ann,  d,  Ch^m     t. 
166,  S.  3,  lid    167,  8.  302,  and  Zeitschr.f.  Ckrm,  Bd.  Xr 

>  Unifirsuch,  iibtr  d,  EntsUh.  d.   liippurtuMrt.      ilftiu 

*  Vn\igKt\  ArckiVf  Bd.  it.  (1869)  S.  367,  and  Bd,  IV.  (Iliyi^  Jk  95. 
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)Ic  bowevcr  thftt  since  winc«  zxA  fermented  liquors  oontain  succinic  add, 
h  latter  pfts^es  uocbaaged  into  the  arine,  that  it  may  thus  be  occftiionall  j 
>nt  in  thb  eKcretbo. 

Succinic  acid  crystallises  in  large  rhombic  tables^  also  at  times  in 
fonn  of  large  pri^im-*  :  they  are  soluble  in  5  parts  of  cold  water 
3*3  of  boiling,  slighily  soluble  in  alcohol,  and  almost  insoluble  in 

»cr.  The  crystals  melt  at  180'  C,  and  boil  at  235*"  C.^  being  at  the 
;  time  decomposed  into  the  anhydride  and  water.  The  alkali 
of  this  acid  are  soluble  in  water,  insoluble  in  alcohol  and  aether, 

PrepartUion.    Apart  from  the  synthetic  methods,  it  may  readily 
obtained  by  the  fermentation  of  calcic  malate,  acetic  acid  being 

luced  simultaneously. 

Its  presence  is  recognise i  by  the  microicopic  examination  of  its 
rstals,  and  its  characteristic  reaction  with  normal  lead  acetate.  With 

it  gives  a  precipitate,  easily  soluble  in  excess  of  the  precipitant, 

coming  down  again  on  warming  and  shaking '. 


Cholesterin.    (C^H^iO.) 

This  is  the  only  alcohol  which  occurs  in  the  human  body  in  the 
state,     (The  triatomic  alcohol  glycerin  is  almost  always  found 
ibined  as  in  the  fats  ;  and  cetyl-alcohoi,  or  aclhal,  is  obtained  only 
spermaceti.)     It  is  a  while  crystalline  body,  cr>'5.tallising  in  fine 
les  from  its  solution  in  aether,  chloroform^  or  benzol  ;  from  its 
alcoholic  solutions  it  is  deposited  on  cooling  in  rhombic  tabic- 
ITien  dried  it  melts  at  145*,  and  distils  in  closed  vessels  at  560^     h 
quite  insoluble  in  water  and  cold  alcohol  ;  soluble  in  solutions  of 
te  salts. 

Solutions  of  cholesterin  possess  a  left-handed  rotatory  action  on 
»lariscd  light,  of  -  32*^  for  yellow  light,  this  being  independent  of 
icentration  and  of  the  nature  of  the  solvent. 

Heated  with  strong  sulphuric  acid  it  yields  a  hydrocarbon  ;  with 
mccntrated  nitric  it  gives  cholesieric  acid  and  other  products.  It  is 
Lpablc  of  uniting  with  acids  and  forming  compound  spthers. 

Cholesterin  occurs  in  small  quantities  in  the  blood  and  many 
Issues,  and  is  present  in  abundance  in  the  white  matter  of  the 
rbro-spinal  axis  and  in  ner^^s.  It  is  a  constant  constituent  of 
l>ilC|  forming  frequently  nearly  the  whole  mass  of  gall-stones.  It  is 
found  in  many  pathological  fluids,  hydrocele,  the  fluid  of  ovarial 
cysts,  &c, 

*  For  further  particnlars  5ee  Meiasn^,  9f.  a/,t  iod  Meismer  and  SuUyf 
Intukr^f,  r&t.  Mid,  (3)  Bd,  XXIV.  S.  97, 
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COMPLEX  FATS. 


Preparation.     From  gall-stones  by  simple  extmctkia 
ulcohol,  and  treatmeot  with  alcoholic  potash  to  free  Erum 
matter. 

As  tests  for  this  substance  may  be  g^vcn  :— With 
sulphuric  acid  and  a  little  iodine  a  violet  colour  is  obuioedt 
through  green  to  red.     This  is  af)plicable  to  the  microscopic 
After  dissolving  in  sulphuric  acid  a  blood-red    solution  is 
the  addition  of  chlorofonn,  changing  to  purple  and   finally 
colourless  ;   the  sulphuric  acid   under   the  chloroform   his  i 
fluorescence.     After  evaporation  to  dryness  vrith  nitric  actd  ibc 
turns  red  on  treating  with  ammonia. 

This  body  is  described  here  rather  for  the  sake  of  conwcmcnee  tbiaj 
its  possessing  any  close  relaiionship  to  the  substinces  tfnmedli«ldj 


Complex  Nitrogenous  Fats. 


Liciikin. 


C«H«,NPO^ 


Occurs  widely  spread  throughout  the   body.       Blood, 
serous  Buids  contain  it  in  small  quantities,  while  it  is  :t  ct> 
component  of  the  brain,  nerv*es,  yolk  of  egg,  semenj  pus,  while 
corpuscles,  and  the  electrical  organs  of  the  ray. 

When  pure,  it  is  a  colourless,  slightly  crystalline  sub^taooe, 
can  be  kneaded,  but  often  crumbles  during  the  process.       ji  U 
soluble  in  cold,  exceedingly  so  in  hot  ali'ohol  ;    art  her  dts 
freely  though  in  less  quantities,  as  also  do  chloroform,   fats, 
carbon  disulphidc,  See.     It  is  often  obtained  from  its  alcoholic 
by  evaporation,  in  the  form  of  oily  drops.     It  swells  up  xt\  w- 
in  this  state  yields  a  flocculent  precipitate  with  sodium  chJondc 

Lecithin  ts  easily  decomposed  ;  not  only  does  this  decomi 
set  in  at  70^  C.^  but  the  solutions,  if  merely  allowed  lo  statMi 
ordinary  temperature,  acquire  .in  acid  reaction,  and  the  s*iK.i 
decomposed.     Acids  and  alkalis,  of  course,  etlect    this   nai 
rapidly.     If  heated  with  baryta  water  it  is  completely  dec*^.-* 
the  products    being    neurin,   glycerinphospboric  acid,    and 
stcarate.    This  may  be  thus  represented  ;— 

Ledthin.  SleoricackL       GIyoermgph<mc  j^, 

C,^HaoNPO„-f-3H,0-2C„H,wO,  H-    QH.PO,   +    QH, 

When  treated  in  an  a^ereal  solution  with  dilute  sulphttric  ai^di 
is  merely  split  up  into  neurin  and  distearyl-glycerinphosplioric 
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[ence  Diakonow  *  regards  lecithin  as  the  distearyl-glycerinphosphate 
li  neufin,  two  atoms  of  hydrogen  in  the  glycerinphosphoric  acid  being 
eplaced  by  the  radicle  of  stearic  acid.  It  appears  also  that  there 
ri'obably  exist  other  analogous  compounds  in  which  the  radicles  of. 
ricic  and  palmitic  acids  take  part, 

Freparation.  Usually  from  the  yolk  of  ^g^  where  it  occurs  in 
tnioQ  with  vitellin.  Its  isolation  is  complicated,  and  the  reader  is 
eferred  to  Hoppe-Seyler'. 

GtycertHphospkoric  acid,     Q^U^^O^ 

Occurs  as  a  product  of  the  decomposition  of  lecithin,  and  hence  is 
ouod  in  those  tissues  and  fluids  in  which  this  latter  is  present  :  in 
euchiemia  the  urine  is  said  to  contain  this  substance.  It  has  not 
>cen  obtained  in  the  solid  form.  It  has  been  produced  synthetically 
Dy  heating  glycerin  and  glacial  phosphoric  acid ;  it  may  be  regarded 
as  formed  by  the  union  of  one  molecule  of  glycerin  with  one  of 
phosphoric  acid,  with  elimination  of  one  molecule  of  water.  It  is  a 
dibaisic  acid;  its  salts  with  baryta  and  calcium  are  insoluble  in 
alcohol,  soluble  in  cold  water.  Solutions  of  its  salts  are  precipitated 
by  lead  acetate. 

ProUgon.    Ci«H3^N,P03,(?) 

A  cr)'stalline  body,  containing  nitrogen  and  phosphorus,  obtained 

by   Liebreich^  from  the  brain  substance  and  regarded  by  him  as  its 

principal  constituent    The  researches  of  Hoppe-Seyler  and  Diakonow 

Ccmded  to  shew  that  protagon  was  merely  a  mixture  of  lecithin  and 

cercbrln.    A  repetition  of  Liebreich's  experiments  has  led  Gamgee 

and   Bhnkenhorn*  to  confirm   the  truth   of  his  results,      Protagon 

irs  to  separate  out   in  the   fonn  of  very  small  needles,  often 

_cd  in   groups,    from  warm  alcohol   by  gradual  cooling:  it  is 

y  soluble  in  cold,  more  soluble  in  hot  alcohol,  and  *ether.     It 

jluble  in  water,  but  swells  up  and  forms  a  gelatinous  mass.     It 

sncits  at  200*  C.  and  forms  a  brown  sirupy  fluid- 

Preparation,  Finely  divided  brain  substance,  freed  from  blood 
and  connective  tissue,  is  digested  at  45^  C.  with  alcohol  (85  p.  c.)  as 
long  as  the  alcohol  extracts  anything  from  it  The  protagon  which 
separates  out  from  the  filtrate  is  well  washed  with  aether  to  get  rid  of 

'  Hoppe-Scyler's  Aftd.  ckcm.  Untmuih.  Heft  li,  (1S67)  S.  221,  Heft  lit 
(1868)  S.  405.     Cmtralb,/.  d,  mtd.  Whs.  <iS68)  Nr,  I,  7  u.  2«. 

•  Mat  chtm.  Untt'rsxuk,  Heft  n.  (1S67}  S,  215. 

•  Ann,  d,  Chftn,  u.  Pharm.  IkL  I34,  ti    29. 

•  Zntfchr.f.  fhysial.  Chcm.  Bd*  lit,  (1879)  S,  260,  and  //.  &f  Pkysiol, 
t?oL  II  <i874)p.  "3- 
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ftU^holesteriti  and  other  bodies  soluble  in  aether,  and  finally  punlfili 
by  repeated  crystallisation  from  warm  alcohoL 

.Scurin  (Cholin),     C^  H^NO,. 

Discovered  by  Strecker*  in  pig's-gall,  then  in  ox-galL     It  doo 
not  occur  either  iti   the  free  state  or  apart  from  lecithin.     It  isi{ 
colourless  Huidj  of  oily  consistence,  possesses  a  strong  aUeaiioit 
action,  and  forms  with  acids  very  deliquescent  salts.    The  salts< 
hydrochloric  acid  and  the  chlorides  of  platinum  and   gold 
most  important, 

Ncurin  is  a  most  unstable  body,  mere  heating  of  its  aqueous 
sufficing  to  split  it  up  into  glycol,  trimcthylaniin  and  ethylene  oa 

Preparation,     From  yolk  of  egg.     For  this  sec  Diakooow." 

Wurt23  has  obtained  it  synthetically,  first  by  the  action  of  glycol 
chloride  on  irimicthybmiD,  and  then  by  that  of  ethylene  exude  and 
the  same  substance.     The  above,  togeUUfcr  with  the  mode  of  its  d< 
point  to  tlie  idei  thiit  neurin  may  be  r^arded  as  thmelhyl-oxyethyl'i 
hydrate.  N(CH4),(CjHftOjOH. 

Cnrebin,    C^y  H33  N  Oj  (?) 

Is  found  In  the  axis  cylinder  of  nerves,  in  pus   corpuscle^^ 
largely  in  the  brain.      In  former  times  many  names 
the  substance  when  in  an  impure  state,  ix.gr.  cerebric  ^ 
&c.     W.  Miiller*  first  prepared  it  in  the  pore  form,  and  c< 
the  above  formula  from  his  analysis ;  the  mean  of  these  is  O, 
H,  \V2.     N,  4*5.     C,  6845.       Great   doubts  arc    however 
upon  its  purity  by  the  researches  of  later  obsen'crs.      Ai 
Liebrcich '  and  Diakonow*,  it  is  a  glucoside. 

Cerebrin  is  a  light,  colourless,  exceedingly  hygroscopic 
which  swells  up  strongly  in  water,  slowly  in  the  cold,      pidly 
tng.     When  heated  to  80"*  it  turns  brown,  and  at  a  somewhat 
temperature  melts,  bubbles  up  and  finally  bums  away.     It  is  Ini 
in  told  alcohol,  or  sethcr ;   warm  alcohol  dissolves  it  easily, 
with  dilute  mineral  acids,  cerebrin  yields  a  sugar-like  body, 
left  handed  rotation,  but  incapable  of  fermenution. 

Preparation.     For  this  see  W.  MuUer.' 

*  Ann,  d,  Chem,  u.  Pharm.  Bd.  123,  S.  353,  Bd*  148,  S.  7& 
■  Op,  cit,  (511b  Lecithin). 
5  Ann,  d.  Chtm.  u.  Pharm.  Sup.  Bd.  6,  S.  116  u.  1^7, 

*  Ann,  J,  Chcm,  u.  Pharm,  Bd.  J05,  S.  361* 
5  Arch,  f,  pathoL  Anat,  Bd.  29  (1867). 

*  Centralb.  f,  d,  rua,  IVus,,  i:i6S,  Nr.  7. 
^  Qfi,  cit. 
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NITROGENOUS  METABOLITES. 


Thk  Urea  Group,  Amides,  and  similar  Bodies. 


Urf^.    (NH,),CO» 

The  chief  consiituent  of  normal  urine  in  mamnuiJia,  and  some 
!r  animals ;  the  urine  of  birds  also  contains  a  small  amount, 
blood],  serous  fluids,  lymph  and  the  liver,  all  contain  the 
iy  in  traces.  It  is  not  found  in  the  muscles,  as  a  normal 
lent,  but  may  make  its  appearance  there  under  certain 
lologicai  conditions. 

When  pure  it  crystallises  from  a  concentrated  solution  in  the  form 

long,  thin  glittering    needles.        If  deposited    slowly  from  dilute 

tions,  the  form  is  that  of  four-sided  prisms  with  pyramidal  ends ; 

arc  always  anhydrous.     It  possesses  a  somewhat  bitter  cooling 

like  saltpetre.     It  is  readily  soluble  in  water  and  alcohol,  the 

lions  being  neutral.     In  anhydrous  aether  it  is  insoluble.     The 

kals  may  be  heated  to  i2o°C  without  being  decomposed  ;  at  a 

temperature  they  are  first  liquefied  and  then  burn,  leaving  no 

idne.     Heated  with  strong  acids  or  alkalies,  decomposition  ensues, 

final  products  being  carbonic  anhydride  and  ammonia.     The  same 

lomposition  may  also  occur  as  the  result  of  the  action  of  a  specific 

lent  on  urea  in  an  aqueous  solution.*     Nitrous  acid  at  once  de- 

ii  it  into  carbonic  anhydride   and  free  nitrogen.     It  readily 

compounds  with  acids  and  bases  ;  of  these  the  following  are  of 

»rtance. 

NUratiofurta,    (NH|)jCO  .  HNO,. 

Cr>*stallise5  in  six-sided  or  rhombic  tables.     Insoluble  m  xtber  and 
ic  acid»  soluble  tn  water^  slightly  soluble  in  alcohol 

OxalaU  of  una.    (  (NN,),  CO),  .  HjC.O*  +  HjO. 

Often  crystallises  in  long  thin  prisms,  but  under  the  microscope  is 
incd  in  a  form  closely  resembling  the  nitrate  ;  it  is  slightly  soluble 
water,  less  so  in  .itcohol. 

With  mercuric  nitrate  urea  yields  three  salts,  containing  respcc- 
rcly  4,  3,  and  2  equivalents  uf  mercury  to  one  of  urea.     The  first  is 
precipitate  fonned  in  Liebig's  quantitative  determination  of  urea, 
exact  constitution  of  these  salts  has  not  yet  been  determined. 

'  Mascalat,  Pfliige  '■  Arckiv^  Bd.  XJI.  (l8;6)  S.  214. 

4q— 1 
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Preparation.     Ammonic  sulphate  and  poiassk 
together  in  aqueous  solution,  and  the  mixture  is  ei^pon 
The  residue  when  extracted  with  absolute  alcohol  yieldi 
urine,  cither  by  evaporating  to   dryness,  and    then 
alcohol,  or  concentrating  only  to  a  syrup,  and  then 
of  urea  ;  this  is  washed  with  pure  nitric  aciu  and  die 
barium  carbonate. 

Detection  in  Solutions.    In  addition  to  the  x\. 
of  the  crystals  obtained  on  evaporation,  the  aiij 
be  formed  and  examined.     Another  part  should  ^ibc  4  ^ 
nicrcuric  nitrate,  in  the  absence  of  sodic  chloride,  b«l  oot  in 
sence  of  this  last  salt  in  excess.     A    third  portion  is 
nitric  acid  containing  nitrous  fumes  ;  if  urea  is  prcieal, 
carbonic  anhydride  will  be  obtained.     To  a  fourth   pijiit 
excess  and  a  little  mercury  are  added,  and  the  raixt 
In  presence   of  urea  a  colour itss  mixture  of  gases  (K 
given  off.     A  fifth  portion  is  kept  melted  for  some  timCy 
water,  and  cupric  sulphate  and  caustic  soda  are  adided ;  %. 
colour,  due  to  biuret,  is  developed. 

Urea  is  generally  considered  as  being  an  amide  of 
The  amide  of  an  acid  is  formed  when   water  is  remoreid. 
ammonium  salt  of  the  acid;  if  the  acid  be  dibasic  and  twt> 
of  water  be  removed,  the  result  is  often  spoken  of  as  a  d 
if  from  amnionic    carbonate,  (NH4)sC0j,  two  molecules 
2H3O,  be  removed,  carbonic  acid  being  a  dibasic  acid, 
urea ;  thus  : 

(NH4)jC03-2HjO=(NHa),CO, 

which  may  be  written  either  according  to  the  ainmonia  typf 

^^  ^  rNH 

or  as         C0{JJ2« 


C0\ 
HaJ 


two  atoms  of  amidogen  (NH^   being  substituted  for 
hydroxyl(HO). 

The  connection  between  carbonic  acid  and  urea  is 
fact  that  not  only  may  urea  be  formed  out  of  ammonium 
dehydration,  but  also  ammonium  carbonate  may    be  fort 
urea  by  hydration,  as  when  urea  is  subjected  to  tht 
mentioned  above.     Regarded  then  as  a  dtamide  of  *. 
may  be  spoken  of  as  carbamide.    Kolbe  however  is  iii._; 
it,  not  as  the  diamide  of  carbonic  acid,  but  as  the  anru 
acid.     Ammonium  carbamate  COjNjH^,  minus  irijO^ 
N„  H4— which,  if  carbamic  aeid  be  written  as  CO,  OH,  X 
written  as  CO,  NH,,  NH^,  ant  atom  of  amidogeu  bein|r  sul 


givos^ 
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>m  of  hydroxyl,  and  not  two,  as  when  the  substance  is  regarded 
ivcd  from  carbonic  acid.  For  the  bearing  of  this  difTercnce  of 
ton  see  p.  451. 

jiklyn  and  Qinigee  *  however,  sioce  urea  when  heated  with  a 
XCC5S  of  pot;issium  permanganate  gives  oflf  all  its  nitrogen  in  a 
Ue  and  not  in  the  oxidiied  form  of  nitric  add,  as  do  all  other 
L,  conclude  that  it  is  not  an  amide  at  all,  that  it  is  isomeric  only 
It  identical  with  carbamide. 

important   to  rcmcmhcr  that    urea   is  also  isomeric  with 

{N 
-^  and  indeed  was  first  formed  artifi- 

Yf  Wdhler  from  this  body.  We  thus  have  three  isomeric  com- 
s,  ammonium  cyanate,  urea,  anl  carbamide,  related  to  each 
in  siich  a  way  that  urea  may  be  obtained  readily  either  from 
aium  cyanate  or  from  ammonium  carbamate,  and  may  with  the 
%  ease  be  converted  into  ammonium  carbonate.  Now  urea  is 
h  more  stable  body  than  ammonium  cyanate^  and  in  the  trans* 
ioo  of  the  latter  into  the  former,  energy  is  set  free ;  and  it  is 
^  of  notice  that  though  the  presence  of  sulpho-cyanides  in  the 
probibly  indicates  the  existence  of  cyanic  residues  in  the  body, 
;rogcnous  products  of  the  decomposition  of  protcids  belong 
to  the  class  of  amides,  cyanogen  compounds  being  rare  among 
Pflugcr  *  has  called  attention  to  the  great  molecular  energy  of 
anogen  compounds,  and  has  suggested  that  the  functional 
klism  of  proiopUsm  by  which  energy  is  set  free  may  be  com- 
to  the  conversion  of  the  energetic  unstable  cyanogen  compounds 
le  t<fss  energetic  and  more  stable  amides.  In  other  words, 
lium  cyanate  is  a  type  of  living,  and  urea  of  dead  nitrogen, 
it  conversion  of  the  former  into  the  latter  is  an  image  of  tlie 
ll  change  which  takes  place  when  a  living  proteid  dies. 

\peund  Ureas.  The  hydrogen  atoms  of  urea  can  be  replaced  by 
aod  add  radicles.  The  re^alts  are  compound  ureas.  Many  of  them 
sd  acids,  since  the  hydrogen  from  the  amide  group,  if  not  all  replaced 

raced  hy  a  metal.     Thus  the  substitution  of  orndyl  (onalic 
acid, 
^  N,  }  n,  or  CO.  NH.,  N .  C»0, ; 
'C,o, 

myi  (tartrnnic  acj<!),  diJiluric  acid,  CO,  NH^  N .  CjH,Oj;  of  roesoolyl 
lie  acid ),  Alloxan,  CO,  NH,.  N  .CjO,.  These  bodies  are  luteroung 
obtained  hy  the  drti6cial  oxidation  of  uric  acid. 


•  >wr«f.  Chtm,  Sffc,  1.  Vol.  vi.  p.  25. 
■  Pat^r'*  Arfkk/,  BA  x.  (i875>  S.  137. 
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Vri€  acid,    C^H^N^Oj, 

The  chief  constituent  of  the  urine  in  birds  and  r 
only  sparingly  in  this  excretion  in  man  and  most   i 
normally  present  in  the  spleen,  and  traces  of  it  have  been  : 
the  lungs,  muscles  of  the  heart,  pancreas,  brain   and  liver. 
and  renal  calculi  often  consist  largely  of  this  body,  or  its  h^v  - 
gout^  accumulations  of  uric  acid  salts  may  occur  in  various       ' 
the  bodvj  forming  the  so-called  gouty  concretions. 

It  is  when  pure  a  colourless,  crystalline  powder,  taste 
without  odour.  The  crystalline  tomi  is  very  variable,  bm 
tends  towards  that  of  rhombic  tables.'  When  impure  it  cr.s^-iij^ 
readily,  but  then  possesses  a  yellowish  or  brownish  colour*  In^^H 
it  is  very  insoluble  (i  in  14,000  or  iSjOoo  of  cold  water) ;  artber^^H 
alcohol  do  not  dissolve  it  appreciably.  On  the  other  hand,  siit|4l^H 
acid  takes  it  up  without  decomposition,  and  it  is  also  readily  ^<il^| 
in  many  salts  of  the  alkalis,  as  in  the  alkalis  themselves.  Ansm^H 
however  scarcely  dissolves  it.  ^H 

Salts  of  Uric  add.     Of  these  the  most  important  are  the  flH 
urates   of  sodium,   potassium^    and   ammoniunu      The   sodium  id  j 
crystallises  in  many  different  forms,  these  not  being  r^-— -— - 
since  they  arc  almost  the  same  for  the  corresponding 
the  other  two  bases.     It  is  very  insoluble  in  cold  water  111 
1200),  marc  soluble  in  hot  (i  in  125).     It  is  the  principal  c 
of  several  forms  of  urinary  sediment,  and  composes  a  large  P<^H 
many   calculi  ;    the  excrement  of  snakes  contains    it  largelf,    ]^B 
potassium    resembles    the   sodium    salt    very    closely,  as   also  ^H 
the  compound  with  ammonium ;    the   latter  occurs  genenUly  i^H 
sediment  from  alkaline  urine.  ^H 

Preparation,  Usually  from  guano,  or  snake's  excrement  ^^^ 
guano  by  boiling  with  caustic  potash  (i  part  alkali  to  20  af 
long  as  ammonia  is  evolved.  In  the  filtrate  a  precipitate  01  ^..j 
urate  of  potassium  is  formed  by  passing  a  current  of  carbonic  aoliy^ 
dride,  and  this  salt  ts  then  decomposed  by  cjccess  of  bydi i:>chlaric  | 
acid.  I 

The  presence  of  uric  acid  is  recognised  by  the  foUowi  \ 
substance  having  been  examined  microscopically,'a  pur i 
rated  carefully  to  dryness  with  one  or  two  drops  of  nitric  i<<'\>L    ZU. 
residue  will,  if  uric  acid  is  present,  be  of  a  ned  colour,  whirb    m  !%e' 
addition  of  ammonia  turns  to  purple.    This  is  the  mun 
depends  on  the  presence  of  alloxan  and  alloxantto    in 
Schiff'  has  given  a  delicate  reaction  for  uric  acid.     The  sabstascrvj 

'  See  UttEmann  nnd  K.  B.  Hoffman,  Aitas  4tr  H^mndimtmii^  Wksit  lIQHki 
*  Ann,  d,  Chcm,  u.  Pkarm,  Bd.  109,  S.  65.  ^ 
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>lved  in  sodic  carbonatCi  and  dropped  on  paper  moistened  nnth  a 

Iver  salt     If  uric  acid  be  present  a  brown  staio  is  formed,  due  to 

le  reduction  of  the  silver  carbonate.     An  alkaline  solution  of  uric 

lid  can,  like  dextrose,  reduce  cupric  sulphate,  with  precipitation  of 

>c  cuprous  oxide. 

Unlike  urea,  uric  acid  cannot  be  foriTied  artificiaily  ;  and  unlike 

and  the  urea  compounds,  it  resists  very  largely  the  action  of 

strong  acids  and  alkalis.     This  last  fact  would  seem  to  indicate 

it  urea  I'fesidues  do  not  pre-exist  in  uric  acid  ;  nevertheless  by  oxida- 

uric  acid  does  give  rise  not  only  to  ordinary  urea,  but  also,  and  at 

same  time,  to  ihe  compound  ureas  spoken  of  above.    Thus  by 

Idation  with  acids, 

Uric  add.  AOoxau.  Urea. 

CfiH^N^O,  +  HjO  +  O  =  C^NiHiO^  +  CN^H^O. 

Now   alloxan,   as   was   stated  above,   is   a  compound   urea,    viz. 
ioxalyl-urea,  and  by  hydration  can  be  converted  into  mesoxalic 
and  urea  J  thus  : 

AUoicaii.  Mesoxalic  acid.  Urea. 

C,N,H,04  +  tBfi  «  CjHjUs  +  CN,H40  j 

and  by  the  action  of  chlorine  uric  acid  can  be  split  up  directly  into  a 
molecule  of  mesoxalic  acid  and  two  molecules  of  urea  : 

Uric  add.  Mesomtic  add.  Urea. 

CgH.N^O,  +  CI,  +  4H,0  =  CsHiOfi  +  aCN^H^O  -|-  2Ha. 

By  oiddation  with  alkalis,  uric  acid  is  converted  into  allantoin  and 
carbonic  acid. 

Uric  acid.  Allantoin. 

QH^N.Oa  +  H3O  +  O  =  C^H.N^Oj-f.  CO,  ; 

and  allantoin,  by  hydration,  becomes  allanturic  or  lantanuric  acid 
and  ur«a, 

Allan  toin.  Ur«a.  AlUoruric  acuL 

C^HoN.O,  +  H,  O  =  CH^NjO  +  CjH^N.O, 

Now  allanturic  acid  is  a  compound  urea,  with  a  residue  of  glyoxylic 
acid.  By  other  oxidations  of  uric  acid,  parabanic  add  (oxalylurea), 
oxaluric  acid  (which  is  hydrated  parabanic  acid),  and  dialuric  acid 
(ijinronyl-urea)  are  obtained.  In  fact  all  these  decompositions  of  a 
tnolcculc  of  uric  acid  lead  to  two  molecules  of  urea  and  a  carbon  acid 
of  some  kind  or  other. 

There  are  however  reasons  for  thinking  that  before  the  urea  can 
be  obtained  from  the  uric  acid  a  molecular  change  takes  place ;  that 
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[Alt. 


I 


part  of  the  nitrogen  of  uric  add  exkts  as  a  cyanogen 
on  the  ^splitting  up  of  the  uric  actd  is  can\'erted  into  iht  sasafc  am^ 
tion  as  the  rest  of  the  nitrogen,  viz.  into  the  ajnide  conditiaiL    It  kn 
beea  supposed  indeed  that  uric  acid  is  tartronyl  c^ra&amide,  ie 
two  molecules  of  amidogen  have  been    replaced   hj  the  ra^oii 
cartronic  acid,  and  two  others  by  two  atoms  of  c>iinogeA,  that : 


(NH),(CN),C,H,0,  or 


I 

I 


If  this  tw  so,  since  the  metaboUsm  of  the  anitnals  in  whkb  ntk; 
replace?  urea  cannot  be  supposed  to  be  fundamentafly  diffeieiS 
that  of  *he  urea- producing  animals,  we  nxay  infer  that  the 
of  botl*  uric  acid  and  urea  in  the  regressive  metabolism  of 
IS,  as  we  suggested  above,  a  body  containing  some  at  least  d 
nitrogen  in  the  form  of  cyanogen, 

Kr^atitt.     C4H9N30^ 

Occurs  as  a  constant  constituent  of  the  juices  of 
posfiibly  it  may  be  formed  during  the  process  of  *' 
hydration  of  krcatinm.     Kreatin  is  not  a  normal  con  ^  sr\\ 

b»it  it  is  said  to  occur  in  traces  in  several  fluids  of   ili  \\\ 

found   in   urine   its  presence  is  probably  due    to    the  conreritoi 
kreatinin,  a  constant  constituent  of  urine,  into  kreatin  during 
traction,  since   Dessaignes  ■   has  shewn  that    the    more   ra| 
separation  is  effected,  the  less  is  the  quantity  of  kreatin  obt: 
the  greater  the  amount  of  kreatinin. 

In  the  anhydrous  form  it  is  white  and  opaque,  but  cr\  statli^ci  il 
one  molecule  of  water  in  colourless  transparent  rhon  i| 

possesses  a  somewhat  bitter  taste,  is  soluble  in  cold,  cxi. ^.;..  ,  __ 
in  hot  water,  is  less  soluble  in  absolute  than  in  dilute  aJcobol,iiii 
insoluble  in  aether. 

It  is  a  very  weak  base,  scarcely  neutralising  the    weakest  aids. 
forms  crystalline  compounds  with  sulphuric,  hydrochloric  and 
acids. 

Preparation.     From  extract  of  muscle  by  precipitating 
with  basic  lead  acetate,  and  crystaUising  out  the  kreatin,  mi 
kreatinin.     From  this  latter  it  is  separated  by  the  formar 
zinc-salt  of  kreatinin,  kreatin  not  readily  yielding  a  similar  c^^l^^^^-.. 

Kreatin  may  be  converted  into  kreatinin  under  the  tafluenee  of  a.ddv 

transformation  being  one  of  simple  dehydration. 


■  y.  Pkarm.  (3)  Bd.  xxxiL  S.  41. 
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Kreatin  may  be  decomposed  into  sarcosin  (mcthyl-glycin)  and 
urea: 

QH^NjO,  H-  H,0  -  CjHjNO,  -f  CH,N,0  ; 
k  may  be  fonned    synthetically'    by  the  action   of   sarcosin  and 

C,HyNOt-f  CHjNj  -  C4H9N,0. 

Sarcosin  is  glycin  in  which  one  atom  of  hydrogen  has  been  replaced 
the  alcohol  radical  methyl,  thus  : 

Glycin  *^j!jh'^}o  become s^«"{(^^*J^  }  O  ; 

glycin,  sarcosin  has  not  been  found  in  a  free  state  in  the  body 

Krtatimn,     C^H^NjO. 


I 
I 


J 


This,  which  is  simply  a  dehydrated  form  of  kreatin,  occurs  normally 
•&  a  constant  constituent  of  urme  and  of  muscle  extract.  It  cr>staUises 
in  coiouriess  shining  prisms,  possessing  a  strong  alkiihnc  taste  and 
reaction.  It  is  readily  soluble  in  cold  water  (i  in  \v%)t  also  in  alcohol, 
but  is  scarcely  soluble  in  a^ther.  It  acts  as  a  powerful  alkali,  forming 
with  acids  and  salts  compounds  which  crystaUise  well.  Of  these  the 
most  important  is  the  salt  with  zinc  chloride  (C4H7NjO)jZnClf.  If  is 
formed  when  a  concentrated  solution  of  the  chloride  is  added  to  a 
not  too  dilute  sottiuon  of  kreatinin.  Since  the  compound  is  very  little 
soluble  in  atcohol,  it  is  better  to  use  alcoholic  rather  than  aqueous 
solutions.  It  crystallises  in  warty  lumps  composed  of  aggregated 
of  prisms,  or  fine  needles. 


Prtparathn,  Either  by  the  action  of  acids  on  kreatin,  or  from 
human  urine  by  concentrating,  and  precipitating  with  lead  acetate  ; 
in  the  filtrate  from  this,  a  second  precipitate  is  caused  by  the  addi- 
tion of  mercuric  chloride,  and  consists  of  a  compound  of  this  salt 
with  kreatinin.  The  mercury  is  removed  by  sulphuretted  hydrogen, 
and  the  kreatinin  purified  by  the  formation  of  the  xinc  salt,  and 
washing  with  alcohol. 


I 


Krcatmin-einc  chloride   may  be  converted  into  kreatia,  by  the  action 
hydrateiJ  oxide  of  lead  on  its  boiling  aqueous  solution. 


Allanioin.     C4H.N4OJ 


noffl 


The  characteristic  constituent  of  the  allantoic  fluid  of  the  fcetus 
it  occurs  also  in  the  urine  of  animals  for  a  short  period  after  their 
birth.  Traces  of  it  are  sometimes  detected  in  this  excretion  at  a 
later  date. 

•  SttunjpUr,  it  bartfuA,  Akad,  1868,  llfL  3,  &  47a- 
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It  crystallises  in  small,  shinmg^  colaurless  prisms,  wMeb  lie 
l^s  and  odourless.  They  are  soluble  in  160  parts  of  cold,  molt 
soluble  in  hot  water,  insoluble  in  cold  alcohol  and  aether,  solsbie  in 
hot  alcohol.  Carbonates  of  tlie  alkalis  dissolire  them,  and  Qaat^aatidt 
may  be  formed  of  allantoin  with  metals  but  not  with  acids, 

Allantoin,  as  already  stated,  p.  653,  is  one  of  the  products  of  the 
oxidation  of  uric  acid,  and  by  further  oxidation  gives  rise  to  ttrc.i 

Preparation.  This  is  best  done  by  the  careful  - 
acid  either  by  means  of  pKJtassium  permanganate  or 
by  plumbic  oxide. 

Hypoxanthin  &r  Sarkifu     CjH^N^O. 

I3  a  normal  constituent  of  muscles,  occurring  also  in  the  ^jKera, 
liver,  and  medulla  of  bones.  In  leuchaemla  it  appears  in  ibe  blood 
and  urine.  It  crystallises  in  fine  needles  which  are  soluble  in  399 
parts  of  cold»  more  soluble  in  hot  water,  insoluble  in  aJoohol,  solnblt 
in  acids  and  alkalis.  It  forms  crystalline  compounds  with  acuksad 
bases.  It  is  precipitated  by  basic  acetate  of  lead,  the  prec>pttaJt#  beiaf 
soluble  in  a  solution  of  the  normal  acetate.  Its  prepaimion  fpom 
muscle-extract  depends  on  its  precipitation  first  by  basic  ^cetite  ^ 
lead,  and  then  by  an  ammoniacai  solution  of  silver  nitrate  aizer  tbt 
removal  of  krcatin. 

Both  hypoxanthin  and  the  next  body^  jtanthirt,  can  abo  he  obtAittcd  firwm 
proieids  by  the  action  of  putrefactive  changes,  of  water  at  1     '  ^^nimw^ 

of  dilute  hydrochloric  acid  (*2  p.  c)  it4|O^C.,  and  hy  the  a  .*hc  ud 

pancreatic  fermeati*.  Chittenden  has  noticed  a  pccii liar  UitTcri^ .n...  ■  -r. t « i-«ii  fiJbcoi 
■od  c;g]g-albumin  when  submitted  to  the  al)ovc  processes  ;  he  finds  thai  the 
latter  does  not  yield  hypoxanthin  when  treated  with  l>oiling  wati*r,  widi 
dilute  hydrochloric  acid,  or  gastric  ferment,  while  the  former  Attcx.  Itffw 
albumin  on  Uic  other  hand  yiekis  bypoxanihtn  by  the  action  of  pancrottk 
ferment  in  alkaline  solution,  but  not  so  raodily  as  fibrin  does. 


Xantkin.     CjH^N^Oj 


J 


First  discovered  in  a  urinary  calculus,  and  called  xanthic  oxii 
More  recently  it  has  been  found  as  a  normal,  though  scanty, 
stituent  of  urine,  muscles,  and  several  organs,  such  as  the  llver^  spleen, 
thymus,  &c. 

When  precipitated  by  cooling  from  its  hot,  saturated,  Aqaeoii% 
solution  it  falls  in  white  flocks,  but  if  the  solution  be  allowed  to 
evaporate  slowly  it  is  obtained  in  small  scales.     When  ptue  rt  it  t 

■  Salomon,  Zdtuhr,/.  physial,  Chem,  Bd.  n.  (187S-1879),  S.  9a   Kmvsr 
fmm^.  Dus.,  Berlin,  1878,     Chittenden,  >##r«.  of  PA^iitri,  Vol.  IK   {l^J^i 
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caiourlcss  powder,  very  insoluble  in  water,  requiring  1500  times  itt 
bulk  for  solution  at  loo^  C.  Insoluble  in  alcohol  and  artber,  it  readily 
dissolves  Ui  dilute  acids  and  alkalis^  forming  crysiallisablc  compounds, 

H>"poxanlhin  by  oxidntion  becomes  xantliin.  Both  these  bodies, 
as  wcU  as  the  following,  guanin  and  carnin,  are  evidently  closely 
allied  to  uric  acid  ;  indeed,  uric  acid  by  the  action  of  sodium-amalgam 

y  be  converted  into  a  mixture  of  xanthin  and  hypoxanthin. 

Preparation,  It  is  ol>tained  from  urine  and  the  aqueous  extract  if 

scle  by  a  process  similar  to  that   for   hypoxanthin,  and  is  then 

amted  from  the  btter  by  the  action  of  dilute  hydrochloric  acid ; 

is   separation  depends  on  the  different  solubilities  of  the  hydro- 

loratcs  of  the  two  bodies.     For  further  informatioa  see  Neabaucr.* 

CarHiM,     CjH^Ufiy 

Discovered  by  Weidel*  in  extract  of  meat,  of  which  It  constitutes 
about  one  per  cent. 

It  crystallises  in  white  masses  composed  of  very  small  irregiilar 
crystals  ;  it  is  soluble  with  difficulty  in  cold,  more  easily  soluble  in  hot 
Tfarcr^  insoluble  in  alcohol  and  aether.  Its  Aqueous  solution  is  not 
precipitated  by  normal  lead  acetate,  but  is  by  the  basic  acetate  of 
this  metal.  It  unites  with  acids  and  salts  forming  crystalline 
compounds. 

Preparation.  Is  found  in  the  precipitate  caused  in  extract  of 
meat  by  basic  acetate  of  lead.' 


Thi»  b 'dy  (x>ssc$ses  an  intcrc*ii«g  rclatijn  to  hypoxmthin.  into  which  it 
ly  be  Ciiuvcitcd  by  the  action  cither  of  nitric  acid,  or  still  better,  of  bromine. 

GuantH.     C4H4N4O. 

First  obtained  from  guano,  but  recently  observed  as  ocifurring  in 
fiinall  quantities  in  the  pancreas,  liver,  and  muscle  extract 

It  is  a  white  amorphous  powder  insoluble  in  water,  alcohol, 
ther  and  ammonia.  It  unites  with  acids,  alkalis  and  salts,  to  form 
ry stall i sable  compounds. 

Preparation,     From  guano  by  boiling  successively  with  milk  of 

ke  and  caustic  soda,  precipitating  with  acetic  add,  and  ptuifymg  by 

lion  in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanin   may,  by   the  action   of  nitrous  acid,  be   converted   into 

mnthiiL     By  oxidation  it  can  be  made  to  yield  principally  guanidine 


<  Ham-Anatyte^  Bd.  vii.  (1876)  S.  24. 

•  Ann,  ti.  Chrm.  u.  Pharm.  ild,  158,  S.  365. 
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prepared   from    isethionic    (ethyl-sulphuric)  acid  by  the  action   of 
ammonia ;   thus  : 

Ijethlocuc  add.       Aitunonia.  TauHa< 

'^I^OJSO.  +  NH,-    ^|]»}S0  +  H,0. 

PrtpafiUian.  As  a  product  of  the  decomposition  of  bile,  and  is 
puriRed  by  removing  any  traces  of  bile  acids  by  means  of  lead 
icetate^  and  then  successively  crystallising  from  water. 

iMtcin.     CkHuNO,. 

Is  one  of  the  principal  products  of  the  decomposition  of  nitro- 
genous matter,  either  under  the  influence  of  putrefaction  or  of  strong 
acids  and  alkalis,  h  occurs  however  normally  in  the  pancreas^  spleen, 
lymus,  thyroid,  salivary  glands,  liver,  &c.,  and  is  one  of  the  pro- 
lucts  of  tlie  tryptic  (pancreatic)  digestion  of  proteids  ;  in  acute 
Atrophy  of  the  liver  it  is  present  in  the  urine  in  large  quantity,  in 
:ompany  with  tyrosin. 

As  usually  obtained  in  an  impure  form  it  crystallises  in  rounded 
lumps  which  are  often  collected  together,  and  sometimes  exhibit 
hating  striation.  When  pure,  it  forms  very  thin,  white,  ghttcring 
It  crystals.  These  are  easily  soluble  in  hot  water,  less  so  in 
cold  water  and  alcohol,  insoluble  in  aether.  They  feel  oily  to  the 
touch,  and  are  without  smell  and  taste.  Acids  and  alkalis  dissolve 
them  readily,  and  crystallisable  compounds  are  formed, 

Carefally  heated  to  170**  it  sublimes,  but  at  a  higher  temperature  is  decom- 
posed*  yielding  amylamin,  carbonic  anhydride  and  ammooJa.  in  the  pre<>et}ce 
of  puLrefying  aaimal  ina.tter  it  splits  up  into  valeric  add  and  ammonia ;  in  tbi5 

I  it  exhibits  its  amide  nature. 
I      Leucin  is  amido-caproic  add,  and  may  be  written  thus  : 


i 


C.H„0 

NH 


.0)0. 


Pr£paration,  From  horn  shavings  by  boiling  with  sulphuric  acid, 
^neutralising  with  baryta  and  separating  from  tyrosin  by  successive 
crystallisation-  See  also  Kiihne  *,  who  prepares  it  by  the  action  of 
pancreatic  ferments  on  proteids. 

Scherer  has  given  the  following  test  for  leucin.  The  suspected 
substance  is  evaporated  carefully  to  dryness  with  nitric  acid  ;  the 
residue,  if  it  is  leucin,  will  be  almo&t  transparent  and  turn  yellow  or 
brown  on  the  addition  of  caustic  soda.  M  heated  again  with  the 
alkali  an  oily  drop  is  obtained,  which  is  quite  cliaracteristi'i  of  this 
substance.     Leucin,  if  not  too  impure,  may  be  easily  recognised  by  its 

•  Viichow's  Arckiv,  Bd.  39,  S.  130, 
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Tyrosin.     CgHjiNOj. 

Generally  accompanies  leucin,  and  is  perhaps  found  normally  in 
small  qaaniities  in  the  pancreas  and  spleen*  It  is  also  usually 
obtained  in  large  quantities  by  the  decomposition  of  proteid  matter, 
cither  by  putrefaction  or  the  action  of  acids. 

The  researches  of  Radziejewsky'  render  it  probable  that  tyrosia  does  not 
occur  normally  in  any  part  of  the  human  organism,  except  a^  a  product  of 
pancreatic  dige&tion. 

It  crystallises  in  exceedingly  fine  needles  which  are  usually  collected 
Ifito  feathery  masses.  The  crystals  are  snow-white,  tasteless  and 
cxiourless,  almost  insoluble  in  cold  water,  readily  soluble  in  hot  watery 
acids  and  alkalis,  insoluble  in  alcohol  and  a:ther.  If  crystallised  from 
an  alkaline  solution  tyrosin  often  assumes  the  form  of  rosettes  com- 
posed of  fine  needles  arranged  radiately. 

T>Tosin  does  not  sublime  by  heating,  but  is  decomposed  with  an 
odour  of  phenol  and  nitrobenzol.  On  boiling  with  Millon's  reagent 
it  gives  a  reaction  almost  identical  with  that  for  protcids  (HofTmann'9 
test).  Treated  with  strong  sulphuric  acid  and  gently  warmed,  it 
yields,  on  the  addition  of  chloride  of  iron,  a  violet  colour  (Pirn's 
test). 

Tyrosin  is  an  ammonia  compound  belonging  to  the  aromatic 
(henzoic)  scries. 

Prepiiratiom*  By  means  similar  to  those  employed  for  leuctn,  the 
separation  of  the  two  depending  on  their  solubilities.  According  to 
Kuhne's  method '  large  quantities  are  easdy  obtained  as  the  result  of 
pancreatic  digestion^     It  has  not  yet  been  formed  synthetically. 

Hippuric  acid.    C^HgNOj,  Or  Bcnzoyl-glycin.    CjH4(C7H60)NO,, 

Is  found  is  considerable  quantifies  in  the  urine  of  herbivora,  and 
also,  though  to  a  much  smaller  amount,  in  the  urine  of  man.  It  is 
formed  in  the  body  by  the  union  with  dehydration  of  glycin  and 
betuoic  acid,  see  p.  453. 

Crystallised  from  a  saturated  aqueous  solution,  it  assumes  the  form 
of  fine  needles;  if  from  a  more  dilute  solution,  white,  semi-trans- 
parent four-sided  prisms  are  obtained  These  when  pure  are  odour- 
less, with  a  somewhat  bitter  taste.  They  are  soluble  in  600  parts  ot 
cold  water,  readily  soluble  in  alcohol,  less  so  in  aether.  All  the  solu- 
tiofis  redden  litmus. 

Hippuric  acid  is  monobasic.and  forms  salts  which  are  readily  soluble 


I 


4 


% 


•  Arrhivf.  path.  Anat,  Bd.  36,   S, 
S*  466. 

■  Op.  cit,  (sub  Leudnju 


I.     Ztitsfk.  f,  amai,    Ckim.  Bd.  5, 
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in  water  (except  the  iron  salts)  ;  from  these,  if  in  suAcicttUy 
trated  solutions,  excess   of  hydrochloric  acid  precipitates  tlJe  tci 
fine  needles.      When  heated  with   concentrated   mtoerad  wads 
resclved   into  benzoic  acid  and  glycio.       llic    satiue  dt 
occurs  in  presence  of  putrefying  bodies.     Strong  oitxic  add 
an  odour  of  nitrobenioL 

Preparaiion,    Fresh  urine  of  horses  or  cow^  is  bo:!c<i  *.;'i 
of  lime,  filtered,  and  the  filtrate  evaporated  10  a  snuUi    bclk 
hippuric  acid  is  then  precipitated  by  adding  an  excess  of  byi 
acid. 

When  heated  in  a  small  tube,  hippuric  acid  gives  a 
benzoic  acid  and  ammonium  benzoate,  accompanied  by  an  odoor 
that  of  new  hay,  while  oily  red  drops  are  obsen^ed  in  the  lube, 
is  very  characteristic,  and  distinguishes  it  from  benzoic  aod. 

Phettylic  {Carbolic)  ociiL     CgHflO* 

This  acid  occurs  only  as  a  urinary  constituent.     According  to  1 
older  view  it  was  a  normal  constituent  of  tliis  excretion  ;  It 
however,  more  probable  that  it  is  due  to  some  decomposition 
in  the  urine,  by  the  processes  requisite  for  its  isolation. 

Huliginsky'  says  the  orinc  of  many  animals,  of  cows  and    bors^ 
contains  &  subslance  insoluble  in  alcohol,  and  not  pnecipitatod  by  lead 
and  ammoniii,  which  by  the  action  of  dilute  minerul  acids  gives  cattolie 
The  .same  acid  applied  to  the  body  externally  or  internally  also 
urine'*.      Similarly  beniol  (CeH«)  when  taken  into  the  stomaefi 
carbolic  acid  in  the  urine 3. 

The  pure  acid  crystallises  in  long,  colourless  prismatic  o« 
they  melt  at  35°  C,  and  boil  at  180°  C  It  is  readily  sohihle 
alcohol  and  aether,  slightly  soluble  in  water  (i  part  in  20).  In 
cases  it  acts  as  a  weak  acid,  forming  crystalline  salts  with  the  alkali& 
With  nitric  acid  it  yields  picric  acid.  Its  solutions  reduce  stiver  and 
mercury  salts. 

Preparatiim.     By  the  dry  distillation  of  salicylic  acid,  als  > 
the  acid  products  of  the  distillation  of  coaL 

•  Hoppe-Seylcr,  Med.  chem,  Untersuch.  Heft  2  (1S67),  S.  254. 

•  Almifn.  Netui  Jahrb.  d,  PAatm*  tid.  34,  S.  III.     SaUcowski, 
ArrAiv,  Bd.  V.  (1871-72)  S.  ^^S- 

3  Schuhzen  and  Naunv-n,  Kdchert  Q.  Du-Bois  Reyroood's  Af€km.  itSn^ 
Heft  3,  S.  349.  _ 
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Th£  Bilk  Seribs. 

\CA0Uc  {cr  Choiaik)  add.     H .  C^HjoOa  +  H,0. 

Occurs  ID  traces  in  the  sma.U  intestine,  in  larger  quantities  in  the 
intents  oi  the  large  intestine^  and  ihe  excrements  of  meo,  cows,  and 
dogs.  In  icterus,  the  urine  often  contains  traces  of  this  acid.  But  its 
principal  interest  lies  in  its  being  the  starting  point  for  the  various 
bUe  acids  (see  t>eIow).  The  puic  acid  may  be  amorphous,  or  crystal- 
tiiie,  in  the  latter  case  crystallising  from  hot  alcoholic  solutions  in 
tetrahedra.  These  crystals  are  insoluble  in  wuier  and  Kther.  In  the 
amorphous  form,  it  is  somewhat  soluble  in  water  and  aether.  Heated 
to  200'  C,  it  is  converted  into  water  and  dystysin  (CjjH^Oj). 

This  acid  possesses,  in  the  anhydrous  condition,  a  specific  rotatory 
power  of  -I-  50'  for  yellow  light  :  when  it  crystallises  with  H^O,  the 
Toution  is  -|-  35°.  The  rotatory  power  of  the  alkali  salts  is  always  less 
than  the  above,  and  when  in  solution  in  alcohol,  the  rotation  is  inde- 
|iendcRt  of  the  concentration.  For  the  alcoholic  solution  of  the  sodium 
salt  the  rotation  is  4-  31*4'. 

Preparation,  By  the  decompositions  of  bile  acids  by  means  of 
acids,  alkalis,  or  fermentative  changes. 

Bayer*  has  recently  examined  the  bile  adds  obtained  from  hwEUiti  bile,  and 
has  prepftrcd  from  them  cbolalic  acid.  To  this  he  assigns  the  formula 
CigH^U^.  If  this  he  so,  then  cholalic  acid  of  human  bile  would  seem  to 
be  a  body  entirely  difTcnent  from  that  obtained  from  or  bile,  and  analysed  by 
Strecker.     Bayer's  results  however  require  further  confirmation. 

FtiUnkofrr's  UsL  . 

This  wdl-known  test  for  bile  acids  depends  on  the  reaction  of 
cbolalic  acid  in  presence  of  sugar  and  sulphuric  acid.  If  to  a  solution 
of  Lhc  acid  a  little  sugar  be  added,  and  then  sulphuric  acid,  keeping 
the  temperature  below  but  not  much  below  70""  C,  a  beautiful  reddish 
purple  is  obtained.  This  gives  a  characteristic  spectrutn  with  two 
absorption  bands,  one  between  D  and  £,  nearest  to  £,  the  other  close 
to  F  on  the  red  side  of  F. 

Frotcids,and  other  bodies  easily  decomposed  by  sulphuric  acid  such 
as  arayl-alcohol,  give  a  similar  coloration,  and  the  reaction  is  much 
impeded  by  the  presence  of  colouring  matters  *, 

•  ZiUi<kr,f  physioL  Chem.  Bd.  II.  (i87*-79)  ''^.  SS^. 

■  For  further  inforraalion  oti  this  subject  see  \  Hischoff,  ZtUsck^f,  r^t,  Mid^ 
Ser.  3,  Bd.  ai,  S.  lad.  Schenk,  Armiam,  phywi,  Unttnuth,  Wien,  187J, 
3.47. 
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Glycocholic  add.     C^jH^jNOj. 


This  is  the  principal  bile-acid  of  ox-gall ;  it  is  also  present  b  :i 
bile  of  man,  but  has  so  far  not  been  observed  in  that  of  camivora.  1 
icterus,  the  urine  may  contain  traces  of  this  acid. 

It  crystallises  in  fine,  glistening  needles,  Tbese  are  sVightl 
soluble  in  cold  water ;  readily  so  in  hot  water  and  alcohol  ;  ttisdob! 
in  anther.  They  possess  a  bitter  and  yet  s^eet  taste^  and  a  stm 
acid  reaction. 

The  salts  of  this  acid  are  rcadQy  soluble  in  water  aed  cryanfisc 
well.  The  salts,  as  well  as  the  free  acid,  exert  right-handed  polarai- 
tion  amounting  to  -|- 290*  f<>r  t^c  acid,  and  4"2S*7**  fe  tlj«  aodiim 
salt,  both  measured  for  yellow  light 

GlycochoUc  acid  is  a  compound  of  glycin  and  cbolalic  add  ;  tlms: 

Chalalic  acid.  Glycin.  GItoOcIiioGc  mtoA* 

CwH^Oft  -h  CjNHjO,-  H,0-CaH„NO^ 

Prolonged  boiling  with  dilute  tnliieral  actds  or  caustic  alk,' 
thk  body  tnto  glycin  anc!  cholic  acid  ;  if  dissolved  iti  concent  1 
ttcid  nnd  Ihetj  warmed,  one  mulecule  of  water  is  removed,  and 
ohiaincd,  Cj^II^jNOa*  The  bariutn  salt  of  ihis  last  acid  i&  ins«- 
which  fact  is  of  importance,  »ince  cholonic  ACid  pos«^cs  neiuriy  Uup  «■■£ 
specific  rotatory  power  as  glycocholic. 

Preparation,  From  ox-gaU,  by  evaporating  to  a  syrup,  decolorisiai 
with  animal  charcoal,  extracting  with  strong  alcohol,  and  '\% 

by  a  large  excess  of  aether.      Its  separation  from  lau  cid 

depends  on  the  precipitation  of  its  solutiOD  by  normal  lead 


Tauroikolk  acid.     C„H„N  SO7. 

Occurs  also  in  ox*gaU,  but  is  found  especially  plentiful  in  bunuA 
bile  and  that  of  carnivora. 

It  has  not  yet  been  obtained  in  the  crystalline  form,  Ahiimigfa  Itt 
salts  crystallise  readily.  When  dried  it  is  an  amorphous  povdo; 
with  pure  bitter  taste,  easily  soluble  in  water  and  al-  "  ' 
aether.  All  its  salts  are  soluble  in  water,  and  are  prt 
lead  acetate  only  in  the  presence  of  free  ammonia.  i  lie  iodxtiiu  >^ 
dissolved  in  alcohol  has  a  specific  rotator>'  power  of  -f-  '^\'f' ;  If  cis* 
solved  in  water  this  rotation  is  less,  and  in  this  respect  it  resccobki 
glycocholic  acid. 

This  acid  is  far  more  unstable  than  the  preceding  one.  beiaf 
decomposed  if  boiled  with  water.  The  products  of  decompo^itioQ  itt 
taurin  and  cholalic  acid 

•  Neubp'ier  u.  Vogd,  f/amAnaiyu,  Ed.  vn.  (1876I  S.  97. 


T,]       CHEMICAL  BASIS  OF  THE  ANIMAL  BODY.  7B'; 

Taurocholic  acid  is  a  compound  of  taurin  and  cholalic  acid  ;  thus: 

Cholalic  acad,  Twf  m-  T»urocliaJic  add. 

C^H^oOa  +  CjHtNOsS  -  H,0«  C«H«NOtS. 

Pr^aration.  From  the  gall  of  dogs  by  a  process  similar  to  that 
glycocholic  acid*  It  is  separated  from  traces  of  this  latter  and 
cholic  acid  by  preparation  wilh  basic  lead  acetate  and  ammoDia. 


The  Indigo  Series* 


Indie  an. 


There  often  occurs '  in  the  urine  ajid  sweat  of  men  and  animals  a 
substance  which  has  not  yet  been  satisfactorily  isolated,  but 
idi  yields  by  the  action  of  acids  the  blue  colouring  matter  indigo  as 
product  of  the  decomposition.  A  similar  substance  is  found  in 
sral  plants  [Indigo-fcra,  Isatis),  and  the  two  were  considered  by 
:hunck  to  be  identical.  Hoppc-Seyler  *  on  the  other  hand,  having 
;ard  to  the  greater  case  with  which  the  indican  from  plants  under- 
decomposition,  regards  them  as  most  probably  different  sub- 
ices.  Baumann  shewed' that  the  two  were  really  difTcreni,  and 
confirmed  his  previous  results  in  a  recent  publication*.  According 
him,  the  indican  obtained  from  urine  is  not  a  glucoside  (so  also 
Hoppe-Scyler)  and  yields  sulphuric  acid  by  the  action  of  hydrochloric 
acid.     He  assigns  to  it  the  formula  KC^HaNSO^, 

Indican  appears  in  urine,  according  to  Ja(T<^  and  other  observer5| 
as  the  result  of  the  presence  of  indol  in  the  alimentary  canat 
It  is  always  estimated  by  conversion  into  indigo. 

Indigo,    CgHjNgO. 

It  is  formed,  as  stated  above,  from  indican^  and  gives  rise  to  the 
bluish  colour  sometimes  observed  in  sweat  and  urine. 

It  may,  by  slow  formation  from  indican,  be  obtained  in  fine 
crystals ;  these  arc  insoluble  in  water,  slightly  soluble  with  a  faint 
violet  colour  in  alcohol  and  aether.  Chloroform  also  dissolves  them  to 
a  slight  extent  Indigo  is  soluble  in  strong  sulphuric  acid,  forming  at 
the  $«ne  time  two  compounds  with  this  acid  j  these  arc  soluble  in 
water.     It  possesses  a  pure  blue  colour  ;  when  pressed  with  a  hard 


•  Schuack,  Phil.  Ma^.  Vol,  X.  p,  73;  XIV.  p.  uS;  XV.  pp.  29,  117, 
183.  Ckfm.  Centralb.  1856,  S.  50  ;  1857.  S.  957  ;  1858.  S.  %zL  Hoppe- 
Seylcr,  Arch,  f./atk.  Anat.  Bd.  XXVll-  S.  388.  Jaffc,  Pfiiiger^  ^frA.  Bd* 
m.  (1870)  S.  448. 

•  Handb.  d.  paih.  chem.  Amal,  Ed.  iv.  (1875)  S.  191. 

1  Pfluger  s  Arch,  Bd,  XIII.  (1876)  S.  30I.  Zeifuhr. /,  tkytid,  Chm^  Bd. 
I.  (1877-78)  S,  6o« 

•  ZeUschr.  f.fkysi^.  Cfum.  Bd.  til,  <l879)  S.  IJ4. 
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body  a  reddish  copper-cotoured  mark  is  left^  and  tke  cvj 
the  same  colour  if  scea  in  reflected  light. 

The  soluble  compounds  with  sulphuric  add  give  as 
band  in  the  spectrum  which  lies  close  to  the   D  line  and  to  Ite 
side  of  it     This  raay  be  used  to  detect  indtgot 

Treated  with  reducing  agcnts»  indigo  is  decolorised,  beiq§ 
to  indigo-whIte.     The  latter  contains  two  atoms  more  hTdfOgcs 
indigo. 

To  this  body  the  specific  odour  of  the  feces  is  partif  dac    HI 
obtained  as  the  final  product  of  the  reduction  of  indigo;  sad  also 
the  distillation  of  proteid  matter  with  caustic  alkalis.  ' 

It  often  occurs  among  the  products  of  the  action  of 
ferment  on  protcids ;  its  presence  in  such  cases  appears  hoMfiererto^ 
due,  not  to  the  action  of  the  trypsin,  but  to  a  simultaneous 
under  the  influence  of  bacteria,  etc*.      If  the  pancreatic  digestioa 
carried  on  in  the  presence  of  salicylic  acid,  indol  does  not  mole 
appearance ;  see  p^  261.    Indol  gives  a  characteristic  red  colmir 
nitrous  acid. 

SJka/oI,    Noticed  by  Brieger*  as  one  of  the  prxKlucts  of  the 

of  putrefactive  changes  in  the  small  intestine.     Secretan*  had 
viously  described  a  similar  substance  as  arising  from  the  pt 
of  albumin. 

Skatol  is  crystalline  and  contains  nitrogen ;  it  is  more  solahlej 
water  than  indol  and  does  not  give  rise  to  any  red  cclocatiaQ 
nitrous  acid.     No  formula  has  as  yet  been  assigned  to  it, 

Skatol  readily   passes  into  the  urine  when  it   occurs  ia  the 
mentary  canal,    and  then  gives  a    violet-red    reaction   urtth 
hydrochloric  acid 

V,  Nencki  *  prepares  this  substance  by  the  putrefaction  of  a ; 
of  finely  divided  pancreas  and  muscle  substance.     After  the 
of  acetic  acid  the  mass  is  distilled,  when  the  skatol  readily 
over.     From  the   distillate  it  is  precipitated  by  picric  acid,  ^n'\ 
precipitate  when  again  distilled  with  ammonia  gives  off  pure 
which  may  be  finally  purified  by  cr>'stalIisation. 

»  Kiihne.  VerhaHd,  d.  Uddlh.  naiurhhL   wed.  Ver,  N.S.    Bd.  I.  Bft. 
Btricht,  d.  Deutschm  chfm,  Gntlhcha/i,  1875,  S.  206. 

■  £*r,  d>  Deutsche  them.  Cadt.^  Jahrg.  X.  (1877)  S.  1027. 
»  Rtckercha  mr  putrefaction  dg  talhumine,     Gcnevi^  t87€. 
♦  Ctmiraik./.  d  med.  Wist.,  1878,  S,  849. 
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prrfpiniltoit»  403^  405  :  Coinpositlan  of 
^^^y-  *73 

aag,   >>'»    ecioaennic  ana  en« 
ti2'.  cpiiheliuin.  of  afimenury 


dodcrouc,  Ml, 

ciinat,  »39 

ncTvou*  incchanUin,  9,  i»5 
^rt    ftrgmnic   fuactioiu    in    raednUa 

vftlves  of  the  heart.  x66 

Cej-e:!:rjJ  -ic  i  ,ni,  rapidity  of,  605 

Ccrebm.3   convululJolis  of  ihe  dog  and  man 

sympathetic  nerve,  section  of  the, 

o-s.  spinal  cord,  604 
AUf  in^itrument  for  measuring  hlood 
•  rtt    146,    rj?  ]     movements    of  the 

'  i    Action.    T'S-siw*   of,     239—397 ; 
ii«ro,  »is— 3»8;    Rerpir^tion.   j*^— 

<tioTi,  367 
lb  "Jy.  735 
<;lar  coniraction, 

.rei  irt  li»ues,  6 
'  I'ilion  of  blood.  30 

C-»cru  III  muscle,  71 

CmKV»\  ;>irrition,  378 

Om'^-  .of.  486 

C  :t  on  cerebral  fonctiotu,  sxo 

C  7 

ChoTiilrin,  74'> 

Chcrda  and  sympalhetlc  saliva,  3174 

Chorda  tym|»nj,  stimiitatioa  of   the,  ar6, 

•«  ;  tecrv^ing  effects*  973.  aS;  ;  thermic 

effecU,  4B6 
CfaordoB  vocales,  67* 
Chords  lendineae.^  164 
Cliromatic  alicrrauoo  of  the  eye,  5*7 
ChyU.   ;f:.   aS 
0  10.  3*3.  3t5 

r  .nt,  tat 

5»y 

17-* 

I  he  blood.  7 ;  136— vjs  |  eflecti 
n  r>n,  370;  in  asphyxnip  3i9» ; 

.  700 

r  I  lie  Uood.  f4.  f7 
toiii  il.itni  I'f  iieids  741,  748 
Cochlea,  funciioit*.  <<f,  580 
CoLA<tArrT],  effect  of  cold  on  emnok-fi^t 

483 
Cold,  ejfect  of  o«  temperaeure  of  the  body, 
4B0,  4SC;  OQ  rabbits  and  giuoea-fugs.  483, 

Cilon.  300 

Co  four  nlinrtReai,  549 

C  in*.  545— 5S» 

t  •  rich,    •  deep/  '  bright.'  543 

L  retina,  536. 

foL    .r   ,>t    vtnoits  and  ATtcrial  bkKxt,  353. 

C*A'MiT  vijion.  SJiB,  54S 


Compensating  nclion  (or  loca,l  dtsturbcnce, 
a34 

Composition  of  the  animal  body,  454 

Convriousness  and  inlcm£ciic«,  60a 

Cocisonan:9,  679 

Cottitrictirti  <<f  arterica  (5«  G^ntraction) 

Contractile  ti&AMCS,  4a— 12a  ;  chemical  sub- 
ftances  la  muscle,  71  ;  ph<:nomena  of 
nttiKle  and  nenrr.  75  ;  unstnated  muscular 
ti»ue.  119;  cardiac  iuu$clc«,  ito;  cilia^ 
lai  ;  migrating  wlJs,  in 

Contractile  (is^ci,  illustrated!  by  the  pendu- 
lum myigxaph,  47 ;  the  magnetic  inter' 
niptor,  54 

Contractifiiy  of  the  amoeba,  r 

Cjniracii  in.  law  of  muw:iilar,  49 ;  con- 
tPaciiltty  of  blo<>d-ve«sek,  201,  an,  *4j, 

Contraciinn  of  the  walh  of  the  stomach,  30* 

Contraction  (See  Mu&eular  Contraction) 

ContrnM,  vliual  ^^nwiti  (li  of,  55$ 

Convukion*  in  x'-phyjiia.  388 

Convul^iive  ccntr«*.  66<i 

CHtrdtnation  '(  vWnaA  m  vetnetiti,  564 

Coronary  arteri***,  165,  igsJ.  aja 

C'lrpora  Afaniii ,   jf  , 

Corp-Traq»ri  '57.6^ 

C>rpora  Ml  1 

Corpu«jle^  '3.  '4  t  their  hhlor^, 

35.  *38.  347 
Corpuscles,  in  inflaniiJi^»|otu  »*8 
Corpu^clrs,  inT-rganic  salt-  i-i,  15 
Corpuscles,  vitivjry,  240.  971 
Co(r|m«cle«.  s'an.h,  741 
Corpus  hiteum.  691 
CoKTt,  rad<iof,  jrto 

Co  It  VI  •I  A  hT,  n<>M>archec  on  diig«tfoQ.  jaS 
Couching,  jcfi 
Cranial  nerved,  503.  f/->y 
Crassamentura,  ijt  bl  jo4h:Ioi,  jj 
Crerebin,  770 

Cnira  cerebri,  action  of.  663 
t^H'tnif.  39*' 
Current*    (5W     Ekctric    currcntf,     Nenra 

currcnis) 
Curve*,  puhc  (with  tracings),  180,  i8t 
Curve*,  refipiraiory  (with  tracings).  33a 
Cutaneous  respiration,  40* 
CvoM.  diabetes.  434;   urea  in  the  liver,  450 
CvoK,  K.,  00  vaMj-motodr  fibres,  223 
Cystn,  78  a 
CzBKMAKt  eJIecu    of  chorda    ttimtilatjoa 

3B8 


Daktlswskv.  00  pascnviMie  ju»:e,  363 
Danilsavski,    Juh,,    on    corpora    quadri* 

eemina,  660 
DeaHna,  on  (irari  stimulatian.  310  ;  blood* 

pTMstire,  a34 
Death,  fxt;  death  afooft  pertpinitton  »« 

Decidua.  69s 

Dcc.mp«iti>  n  of  pfiteidf,  744.  746 

DitaN,  Van.  on  the  spinal  cord,  6a» 

*  Deep'  cnlours,  545 

Drfzcation.  303 

Deglutition,  393 

DfihiT&CHVNKO.  secretion  of  tears,  573 

D8NI9,  on  coagulation  of  the  blood,  iB 

Dewitioa,  71s 
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KkTOB,  seat  of  oadation  in  Tesftiratiosi»  364 
Vthylcne-lactic  acid,  765 
Ethyhdet)e>Uctic  atci4,  765 
Kuiitaciuan  tube,  377 

KscfrU  n  .  f  urfnc.  4137  ;  of  milk,  441 ;  ofnt* 
exercise,  47a  (St*  De» 


") 


h  ;<,culjLr,   93 

L  uai  icni^tions,  535:    reflex 

.    oq  the  rapidity  of  mental 

«:»[vrTatv  ns,  665  » 

EzptnOuTfi.   3^,  333;    movements  is.  338 

j^,  380,  Ti87 
£jcpl:»-.ivci  {\    -.eel  6S0 
Eye,  {he(6"/*'  Si^-lit) 
Eye^hiAiU,  morc'ticulsof  iKe,  360,  657 


Facbl  respiration.  339 
Faeces.  y>i,  304.  315 


Faituing.  igi 

aM  fpir.n  Siibei.  691,  694 


(dtagrom),  104 

^7 

437  -44» 
ta 

nil^>genu'kls.,  ^63 
iv*liv«  and  ftl)ie5,  758 


Fatv  11  «icr'.irn,  31  ;  action  of  b»lc  wi,  957  ;  ot 
paiicr«attc  juicei,  263  ;    di^csU  >n  of,   308, 


'14 
464—467.  491 


F  I    iM  1.1  of  visual  sensations,  54s 

I  ucti,  589 

i  .>iaiKd  and  unori^AiiIzcd,  343 ; 

^4-i  ;    g)L<U-iG  juicc^    246;    Cif   pWJ- 

c  juice,  <59.  -aSs  ;  m   tbe   »maU   ili- 

I  rripinUiOQ,  397 

r  >«  hrain.  045.  647, 648,  659>  66t : 

'Ailtid  <ns  rjf  the  dog  and  in:ui 
^iiift„iams;.  639,  C40 — 64a 

F»bmj,  15 — :*a,  117,  «4f,  250,  736.  748 

Fihrri-fermmt,  at 

?    ^  ...  736 

I  " .  ly.  2o,  735 

I-  '  d<m:uJ3tiun.  T63.  1G4;  ^irin|p 

man  irsn-T  (diagram).  14a;  nutriti.iQ,  nni- 
n»l  hc^l.  474 ;  UfL-a  and  mn'^cuLaT  exercise, 
47J  ;  ■iiiUM.lcs  of  the  cye-biilU,  564  ; >p(<i^ 

Fi^ttcMi ,  ntrvfm*  irntabOlty.  90 

F     ■  -   •'      r»[>iRUury  centre.  370 ; 

I  ) 

>i.  "J,  ill. u  11  J.  uuc  and  paDcreatic  juice  on. 

as? 

F«i«*<^l,  efficct^    of   gcbtiiie,   467  ;  etfectA    of 

\  n;;  diet,  438;  poteDtial  eneisy 

>  -  -   -Itaeed  by,  4ad,  43* 

•^  ii':  itooiach,  300  ;  absOfp* 

.    336 ;  effecis  of  carbo- 

"'r'"  ""  •  )'♦ 
rood,  liwues   &n4  mtchim^ins  nf  d4Ke'i»itjn, 

93/i — 3a3  i  chAOjtes  of  fcHxl  in  the  alimenmiy 


canal.  ^307  :  absorptioii  of  producls  rf  dl> 

gcstioti,  316 
Fmcc  of  heart-beat,  173 
FoRDVCB,  Dr.,  effect  uf  heai,  480 
Fonnic  add,  758 
FitAKXLANt).   on    the    potential  tatrfgf    of 

fcMxi,  46S 
Frequency  of  heart -beat.  173 
FjeRRicils,  on  digeation,  ja? 
Fiijforific  nerves,  486 
FaiTSCH,   cerebral  oonvoUltlobR  of  llie  dog 

(diajfram).  S7* 
Frug,  experiments  on  the  ;  ntrvt*,  43,  44,  70, 

93,   OS  i    skeletal   mu!>clec,   43 ;   the   rhro- 

icoptc  frog.  66,67;   lymphiitvc  heart,  tjt, 

iMj  heart,  186,  187.  «9«>.  »93  J  ojniraa- 

illiy  of  anerlo.  aoa  ;   bl'j«>d-vc<i5ets,   737  ; 

capdlory  circulation.  *^s  *  cn'  ,;. 

nuiun.  401  :  contraction  -(  u 

visual  purple  in.  538;  tpirtal  >  • ; 

lyn)ph->hcart,  60) 
Fr.g,  bnijnlc«s,  it^  behaviour.  130.  603.  614 
FunctK  nfij  activity,  its  inflluctice  un  nitucul»r 

irri lability.  98 
Fit  KICK,  un  succui  entericus  764 :  txtgu  in 

bl<L>od   and   urine^  3*5 ,    respimliuD,  387 ; 

quantity  of  persinratioa,  399 


CAi-ABtM.   Dr.  dia^ams    of   pttbe>«trv<ai. 

Galvanic  citireat,  its  eSoct  on  muacuta^  on- 

tmctioD.  53^  6a 
GangLa.    ia8,    131.    i83,   301,  joi  ;  cerviail 

and  thiiracic,  of  rabbit  and  dug  (diagrajn*), 

195*  J96 
Oarkod,  on  piilsc-'vvavK,   itt  ;  heart-beat* 

23)  ;  quantity  and  flow  of  blood,  333 
G&»es.  in  eructatioiR,  309 .-  tn  tbe  large  intes- 
tine. 314  ;  in  the  blood,  344- 
Gase*  in  urine.  409 
Ga^iiiQ.  paifc43noiu,  rcspinuioo  of.  394 
G&s-pump,  mercurial,   Ludwig't  (diagftimX 

346 
GA&iCEUt,  W   H.,  contraction  and  dilation  of 

arterits.  213 
Gaviric  o^mpAied  with  pancreatic  digestion, 

a6o 
Gastric  digestion,  circumstances  afTecttnig.  3^ 
Gastric  juice,  ■39,  346,  947.  175,  306*  arti* 

fic.al.  708 
Gasrric  juice,  action  vn  prolcid*,  347 
Ga<iuic  Qiuvcuicnls,  nervous  mechaftisiR  of, 

GAirtK  and  GoLTZ,  their  taajamum  uiotno- 

meter,  t6a,  163 
Gelatin.  7^ ;  as  food,  467 
Gkhuwcu.  on  cuuaeotu  1 
Gc9iatJvn,  703 
Giddiness.  G33 
Gij-ukkt  ancf  Lawb3,  on  the  fsnoatioii  o| 

fat,  438.  467 
Glands,   >uoiuaKiHary,  seeren  r    ■ ''     -'— t, 

»66 ;  KubmsunlUiry  uf  du^j  (  ; 

gastric,  ^^  ;  salivary,  aSs  ;  :  ; 

secreting    swcm,    403;     nutmnuLrv,    441  ; 

bcliryuial.  Meibomian,  57a 
GLls^iON.  on  muscular  conxnvt  ti'  Q,  46 
Gtobin,  356 
Gbbuhn,  in  mttf<uliir  tismc,  and  SAllva,  z^e^ 

356.  7i4.  7*8 
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Globuluu.  734.  740 
Gltfmvnth,  retuL  411 
GbuU.    ill    ■».•."    ,„ 

67J  ;  CO 
Til  lilts,  riiii: 


nuij),67j 


•iphoric  acid,  769 
acid.  786 


75S. 

«i ;    move* 


GOLT-.    ... 

i€^4 ;  on 
nient»  of  ; 

turiiion.  431 ;  r 

hearu«  6to  *,  tht  ■ 

menstmatt  'n.  im  ,  .   .,  .-^. ^„ 

Gome,  bilr  of,  355  ;  biuud-crystak,  346 

Gma/rmn  TciUiclc,  691 

Grantiio-^,  341 

GkEHANr.  on  ttrea,  4^9 

Grey  matlcr  of  the  spmal  cord,  619 

Growth,  pluis»  of  life,  7*3 

GkCrj'NBK,   •.n  pcpi%in,   984:    afercnt    and 

eUVrcfii  ntrvc  ftbres,  ^o^ 
GscHEiuLXM,  on  the  ongui  of  urea,  449,  450 
Gtuuiin.  779 
GuiDe4-P<g,  saliva  of  the,  944 ',  blood-ciyiUU*, 

34S  I  dlrct  of  D]ld  on,  4S3 
Gu»i4tory  fibres^  583 
GvttRtiVAi.    absorption    of  proteid*   In   di- 

ge^tioo,  345 


HAnuHAM,  oa  proteids,  ^47 
Hznuidromamctcr  of  VMikmann,  for   mea- 

surii>2  blijod-prcssure.  144 
ItjfemauclKifneier,     for     mcasurinip     b1ovd« 

|)rc»ur«.  145 
HseiaAtiiii,  356 
Kcmatoklm,  39 

Maaaoglobiiv  33i59*  »oi.  348.  351.  356.  3S9 
HaanocTZUfc,  eiiecu  of,  on  vascuUr  uicctia- 

nism,  330 


Hasruk.  cin  paralbumin, 
IAI.BS.  D 
"5.  «35 


Males.  Dr.  biephcn,  orcu 


749 
zulattMiD 


of  blood, 


Haufokui,  sounds  of  the  heart,  170 
Hallek.  in  rnuMiuLir  c-jnlracuon,  ^6  y   on 

phjiiolosy  of  MiUMcle  and  nerve,  118 
HALLsraN,  c/mmctilc  livtyci^  90 
Kamorkckk's  model  of  tespiratory  move- 

mema,337 
HAMJkCAM^aN,    cosKiilation    of    falx^d.    991 

gJtStric  jUioe  m  licw'btrti  ;intinnLt,  7138 
HaRVSYj,  circula(i>>n  of  llie  blood,  835 
HaV8M»  red  blAKKl-torpUscles  37 
Hearing.  574 
Heart,  the,    154—173;   phenomena  of  the 

D'jmia]  beai.   155;   ctirvcs  cf  pre«,ure   in 

cavitie*  of  hiiyrt.    184  ;  mech.ani*(B   "f  the 

v*lv«.  164  :  lound*  of  the  hc«rt,  168 ;  iw 

failure  beftire  death,  yat 
Heirt-bc^t,   n'>rmal.    136,    15^;    vaiiatiatis, 

in.  ip,  198.  391,  ,411 
Htait-orat  in  foritj'^,  699 
tl&m-murmun,  16^ 


Heatt  f  the  babe.  Tof 
Heart  of  tKe  (mtf^,  i^ 
H'  '  '   •- 

li 

li 
I! 
li 


1  uo  JI^ 
jf  i=hyLc« 


Iter,  567  ;  vtnaa  mmL  m 


*tnd  the   « 


m   of 

5s» ; 

llu..  .„       ,      *.    ..Lik>£xilaT' 
ngwr     rauTxis,     *nii 
miiAcie.  74.   io3,    ti6.   ikS 

n,i....-t^     i.g 

11  !tioo  of  rcAcaci 

11  ,  ^crction  of  |i 

Hijipunc  ac4d,  78a 

H 1  h  >cif .  <  >D  rapidity  of 


proleid*,  7^ 


I  II  proieia*,  747 

H —   . :_    .   ui-j^emejits  oT 

jaf  ;  electric  cuments  of 

Hook,  rm  unlBdal 
Hori'K  SKYLiue.on  ttic 
Ji.   33*  m:   on   biJe,   a$$  ; 

:<;i<  :      rp^lHr.i'ii'iti.        397  i       I 

I 

li         ..  ....       fj.  n    iT»    ( 

307  J  bl>i>Jcrv!J.:. 

HonVATii,  dcntV  fr   :..     

HoUCkr.P.iiST.   VaJ4    i>«AAi«. 

tlutl.  298 

HCrxEH,  on  influetioe  <£  hmt 
li' n,  »6i 

H  I'TC  H » N RtyN ,  vital  tsapeuL;^  d 
HoxLBV,  UoJd  oatpusoca,  ff 
Hydra,  114 
Hydracrybe  oeid.  766 
KydmuUc   jurijiuplcs   ol    bli^. 
148 


INDEX. 


797 


dlLuy  movement  in,  tai,  134 
,  ut  <  «ccM!4v«  renal  »«c^cUuD,  41  j 

ittv^-mutar  action  uf  the,  904 
44*.  778 


nlv^v.  »98,  30a,  314 
on.  694 

acrvMUv   134:  cfl«reDt  and  afler> 
AiTerent,  4*^;,  O'Dduciioo  uf,  by 
crJ.  6t6;  ncrv.-us  in  rck^ira- 
MBaoryutJ  m^tuf.  134 
outcome  i'f  diet,  45S 
.468 
unne,  493 
.  4<9*  787 

eocrebonof,  416 

S4;  tadueiion^uck,  cf- 
77,  83,  191 

r  m  capiUary  C;>rcuUtii.>n.  1 38 
iienip«riimiT.  486 

tu  tffcc»»,  i*j>  465 
obsry  raovcaiem  in.  iit 
1^;  irf  hean-bc.it,    1B9,    191  ;  of 
c   .-V' li'-n,  »v7  i    of   riffle*  Acttt^n. 


If  ecu  of.  19B 


715  ,      . 


r».  335  ;  lab->UTcd, 


yfti ;  etfccis 

vsia.  388 
i!?>i.i!i-c3it.il  ti»siie$.  7 
,cJr^  iheir  actian  in  nupr*^ 


nc.  Uj'*;c.  movcmrnu  of.  30a,  314 
oe,  •^maU,  310 ;  penstaltic  action  of. 


'-^nutiijaa.  55s 

ukI  miasde,  43—46.  6t, 


InUmta  ikacuin.  994 


Jah  rauiJi.  iu  CWCC  00  beart-bcflit,  rgi 
A^^coM^oN^  on  failood*|itc«Mire.  147 
Arr»:.  urobika  IB  unaCt  39;    pigMi«nts  uf 

-.^-      '  -I--*,  37 


v«.  «39-«6s 


MSWCH.  i>n  the  accrettQii  of  milk.  443 
lUAL,  on  oilaneout  secretion,  40a 

tccrrtKiii  by  the.  407-419 
,_,  Certain  diacasM  of,  44^ 
i»  ocvpa  of  vhitc  blood-cgrpMacks,  38 


KmKTK.  bodily  kcal«  «86 

Kncill,  >'ti  ih«  corpora  quAdnKcmina,  jSj, 

657.  6y^ 
JtOHl^CUOrritR,  lleep.  717 
K^LUMLBK,  red  curpuAcIcs.  37.   38  .  mc^u% 

aotcricu*.  »)54 
KoftNBH,  un  uierine  Odtitr&ctiu&s,  705 
Krcattn.  kr«Atima>  447,  44B,  776,  777 
KwONBCiCBk,  on   mu<«cu|ar  cootfACii  n,  &1 ; 

functional  aoJiricy  <jf  tnusclc^,  t.» 
KOhnb«  on    V  -.  cheiutitry    uf  mnsck.  701 

135:  ROJitnc  juice,   «$j  ;  pancrcdii.i€  jttlci. 

■5^^  i    pfo*cids.    »6i.    iSj ;    mechanJ -la    tf 

siilivnry   KcrtrtijD.  374;    wavciou  in  tb^: 

pamcreay,    sSo .     vtsuial    purpie    u(    the 

Ktiua,  537 
KDrrrsji.  (>n  eadrnj^a  of  nerve*  in  tAljvauy 


l^ands.  973 
LOascHF 


n9* 


KbuscHHum.  f>n  heart -beat,  155 
Kynv'tcrapii  dr  rccordinff  utcrial 

(dia|{nim>,  143 
Kyourenic  acid,  780 


Ii«bottr,  loM  of  roergy  by,  4G9 

Labour-pains^  704 

Laboureid   respiraUun.    ^30,    334,    jjfi. 

37° 
uchrynuJ  glands.  %jt 
Ldicteuls,  3«S 
Lactic  acid,  764 ;  in  miude.  71  ;  coovericil 

from  caoe-ittifar  by  succiu  eiUarii.-u:k,  165 
LaciOAc,  751 

LAOMANCa,  o»  r«5{iiraci'ia,  397 
La^vixiiSi,   ua  bloAit<ircui4,tiO0.  161 .   ocfi^ 

bral  c  Dw  luti«  ft*,  ^S^o 
LA.riGE.ND<>irr,   ncrv<Ai%    inecbaui*ni    in    ra- 

aptrauun,  375  ;  inbibittcm  of  trctUK  ac(kia« 

604 

L^rdacein.  745.  748 

Ltryngcjtl    ncsrvc,  superior,    in   tespir^^tioa, 
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